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PREFACE 

The extension phase of the Orbital Service Module (OSM) Systems Analysis Study 

was conducted to further identify Power Extension Package ( P E P )  system con- 

cepts which would increase the e l ec t r i ca l  power and mission duration 

capabi l i t ies  of the Shutt le  Orbiter.  Use of solar  array power t o  supplement 

the Orbiter 's  fuel cell/cryogenic system w i l l  double the power avai lable t o  

payloads and more than t r i p l e  the allowable mission durat ion,  thus grea t ly  

improving the Orbiter 's  capabil i ty  to support the payload needs of s o r t i e  mis- 

sions (those i n  which the payload remains i n  the Orbi ter ) .  

To establ ish the technical and programmatic basis  for i n i i i a t i n g  hardware 

development, the PEP concept def in i t ion  has been ref ined,  and the  performance 

capabil i ty  and the mission u t i l i t y  of a reference design baseline have been 

examined i n  depth. Design requirements and support c r i t e r i a  speci f ica t ions  

have been docunented, and essent ia l  implementation plans have been prepared, 

Supporting trade studies and analyses have been completed. 

The study report consists  of 12 docunents: 

Volme 1 Executive Summary 

Volune 2 PEP Preliminary Design Definition 

Volune 3 PEP Analysis and Tradeoffs 

Volune 4 PEP 'Functional Specification 

Volune 5 PEP Environmental Specification 

Voltme 6 PEP Product Assurance 

Volune 7 PEP Logistics and Training Plan Requirements 

Volune 8 PEP Operations Support 

Volune 9 PEP Design, Development, and Test Plans 

/oolunelo PEP Project Plan ] 
Volune 11  PEP Cost, Schedules, and Work Rreakdown Structure Dictionary 

Volune 12 PEP Data Item Descriptions 
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FOREWORD 

The Power Extens ion  Package (PEP) is a s o l a r  e l e c t r i c a l  power g e n e r a t i n g  sys- 
tem to be used on t h e  S h u t t l e  O r b i i e r  t o  augment its power c a p a b i l i t y  and t o  
conse rve  f u e l  c e l l  c ryogen ic  s u p p l i e s ,  t h e r e b y  i n c r e a s i n g  power a v a i l a b l e  f o r  
pay loads  and a l l owing  inc reased  mi s s ion  d u r a t i o n .  The O r b i t e r ,  supplemented by 
PEP, can  p r o v i d e  up to 15 kW contint- us power t o  t h e  pay loads  f o r  m i s s i o n s  o f  
up to 48 days  d u r a t i o n .  

When r e q u i r e d  f o r  a sortie m i s s i o n ,  PEP is e a s i l y  i n s t a l l e d  w i t h i n  t h e  O r b i t e r  
c a r g o  bay a s  a mission-dependent  k i t .  When t h e  o p e r a t i n g  o r b i t  is r eached ,  t h e  
PEP s o l a r  a r r a y  package is deployed from t h e  O r b i t e r  by t h e  remote man ipu la to r  
system (RMS). The s o l a r  a r r a y  is t h e n  extended and o r i e n t e d  toward t h e  s d n ,  
which it t r a c k s  u s ing  an i n t e g r a l  sun sensor /g imbal  system. The power gener- 
a t ed  by t h e  a r r a y  is c a r r i e d  by c a b l e s  on t h e  RMS back  i n t o  t h e  c a r g o  bay,  
where it is processed  and d i s t r i b u t e d  by PEP t o  t h e  O r b i t e r  l oad  buses .  After 
t h e  ml s s ion  is comple ted ,  t h e  a r r a y  is r e t r a c t e d  and restowed w i t h i n  t h e  
O r b i t e r  f o r  e a r t h  r e t u r n .  

The f i g u r e  below shows t h e  PEP sys t em,  which c o n s i s t s  o f  two major assem- 
b l i e s  -- t h e  Array Deployment Assembly ( A D A )  and t h e  Power Regu la t i on  and Con- 
t r o l  Assembly (PRCA)  -- p l u s  t h e  n e c e s s a r y  i n t e r f a c e  k i t .  It is nomina l ly  
i n s t a l l e d  a t  t h e  forward end o f  t h e  O r b i t e r  bay above t h e  Space lab  t u n n e l ,  b u t  
can  be l o c a t e d  anywhere w i t h i n  t h e  c a r g o  bay i f  n e c e s s a r y .  The ADA, which is 
deployed ,  c o n s i s t s  o f  two l i g h t w e i g h t ,  f o l d a b l e  s o l a r  a r r a y  wings w i th  t h e i r  
conta inment  boxes and deployment m a s t s ,  two d i o d e  assembly i n t e r c o n n e c t  boxes ,  
a sun tracker/control/instrunentation assembly ,  a two-axis g i m b a l / s l i p  r i n g  
assembly ,  and t h e  RMS g r a p p l e  f i x t u r e .  A l l  t h e s e  items a r e  mounted t o  a sup- 
p o r t  s t r u c t u r e  t h a t  i n t e r f a c e s  w i th  t h e  O r b i t e r .  The PRCA, which remains  i n  
t h e  O r b i t e r  ca rgo  bay,  c o n s i s t s  o f  six pulse-width-modulated v o l t a g e  r e g ~ l l a -  
t o r s  mounted to t h r e e  co ld  p l a t e s ,  t h r e e  shun t  r e g u l a t o r s  t o  p r o t e c t  t h e  
O r b i t e r  buses  from o v e r v o l t a g e ,  and a power d i s t r i b u t i o n  and c o n t r o l  box, a l l  
mounted to  a suppor t  beam t h a t  i n t e r f a c e s  w i th  t h e  O r b i t e r .  

PEP is compa t ib l e  w i th  a l l  c u r r e n t l y  d e f i n e d  m i s s i o n s  and pay loads  and imposes 
minimal weight  and volune  p e n a l t i e s  on t h e s e  mi s s ions .  It can be i n s t a l l e d  and 
removed a s  needed a t  t h e  l aunch  s i t e  w i t h i n  t h e  normal O r b i t e r  tu rnaround 
c y c l e .  
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Section 1 

INTRODUCTION 

W?th the advent of Space Transportation System (STS) operat ions,  a new e ra  of  

space exploration and use w i l l  begin. A mul t ip l i c i t y  of payload types r ~ n g i n g  

from material  processing t o  astronomical experiments w i l l  be t ra rspor ted  t o  

and from o r b i t .  Many of the payloads w i l l  remain attached t o  the Orbiter dur- 

ing t h e i r  e n t i r e  missions and w i l l  f l y  i n  an Orbiter s o r t i e  or  Orbi ter /  

Spacelab s o r t i e  mode. 

An extensive analysis  of  the STS Tra f f i c  Model and projected user a c t i v i t i e s  

ind ica tes  the need fo r  e l e c t r i c a l  power serv ices  t o  the payloads t h a t  

s ign i f i can t ly  exceeds the resource c a p a b i l i t i e s  of the Orbiter i n  terms of 

power leve l  and duration. The need for  these serv ices  has been confirmed by 

the  l i f e  sciences,  mater ia l s  processing, astronomy, so l a r  observation, ear th  

observation, and re la ted  s c i e n t i f i c  communities. 

The Orbi ter ,  with a fue l  cell/cryogenic e l e c t r i c a l  power system, can only pro- 

vide experiment payloads with 7 kW for  5 t o  6 days in the Orbiter s o r t i e  mode 

and 2.5 kW for  5 t o  6 days in  the nominal Orbiter/Spacelab s o r t i e  mode. 

With the addition of the PEP, the Orbtter can provide experiment payloads u p  

t o  15 kW and 45 days m i ~ s i o n  duration i n  the Orbiter s o r t i e  mode. The r e s u l t  

is more than a fourfold increase of power serv ice  capabi l i ty  t o  payload users .  

The PEP cons i s t s  of a so la r  a r ray  and an e l e c t r i c a l  conditioning package t h a t  

is stowed i n  the Orbiter bay. The so l a r  a r ray  p o r t i a  is deployed by the 

remote manipulator system (RMS) arm during o r b i t a l  operations and, in  conjunc- 

t ion  w i t h  the Orbiter fue l  cell/cryogenic e l e c t r i c a l  power system, provides 

increased continual e l e c t r i c  pcwer. The so lar  a r ray  is restowed i n  the Orbiter 

upon completion of the Orbi tal  s o r t i e  and re turns  in  the Orbiter t o  the launch 

s i t e  for  reuse on the next needed mission. 



The timlng of development of PEP is based on i ts  being ava i lab le  for  e a r l y  

Spacelab f l i g h t s .  Tts usage w i l l  span the  t o t a l  l i f e  of  Orbiter operat ions and 

w i l l  r egula r ly  provide t h e  needed missions w i t h  the  required addi t iona l  power. 

This PEP Project  Plan is the basic  document which descr ibes  the ove ra l l  plan 

for  proceeding with developing PEP. T t  contains  the  information required for  

management control  a t  the STS Program Office l eve l  a s  a p ro jec t  element of  t he  

STS Program. T t  emphasizes the  management and programmatic aspects  of  the  pro- 

j ec t  ra ther  than technical  information. I t  w i l l  be developed more f u l l y  a s  the  

pro jec t  proceeds i n to  hardware development and wi l l  be updated and approved a t  

t h a t  time. 

The sec t ions  in  t h i s  volume have been organized in  accordance with NASA Man- 

agement Ins t ruc t ion  N M I  7121.16, dated 24 March 1977. 



Section 2 

PROJECT PLAN SUMMARY 

This Project Plan provides the basis  for  developing and placing in to  operation 

the PEP as  an element of the STS Program. The plan is based on developing two 

s e t s  of PEP hardware so t h a t  the f i r s t  s e t  w i l l  be avai lable  for  f l i g h t  dur,:cg 

the second quarter  of 1383 and the second s e t  during the fourth quarter  of 

1983 so the ea r ly  Spacelab and subsequent missions are  supported. 

Since PEP is carr ied i n  the Orbiter cargo bay and operates in  conjunction w i t h  

the Orbiter and the RMS, the plan takes i n t o  account t h a t  design and program- 

matic in te r faces  w i l l  be c iose ly  maintained by the PEP Project element within 

the STS Program. 

2.1 GENERAL DESCRIPTTON 

The PEP Project is a new element of the STS Program t h a t  w i l l  in te r face  with 

the ex is t ing  elements and use the basic  STS support f a c i l i t i e s  and serv ices  a t  

Johnson and Kennedy Space Centers a s  required. A s  cur ren t ly  planned, the major 

project  milestones w i l l  be ATP on 1 October 1900, PEP 1 del ivery t o  KSC on 15 

February 1983, qua l i f ica t ion  flight/TOC on 1 April 1983, and PEP 2 del ivery on 

15 July 1983. The PEP system w i l l  be developed by a prime contractor  under t h e  

d i r e c t i c .  )f the PEP Project  C-fice a t  JSC. The so lar  a r ray  hardware w i l l  be a 

major :. )contract  'to the prime contractor .  The RMS modifications w i l l  be a 

major cor contract t o  the prime contractor  or a cornbination of prime contractor  

and major subcontractor work. The Orbiter accommoaations w i l l  be performed by 

the Orbiter cont rac tor ,  wh3 w i l l  a l so  provide support t o  the PEP system con- 

t r a c t o r ' s  in te r face  a c t i v i t i e s  in  an assoc ia te  contractor  re la t ionship .  The 

RMS accommodation provisions w i l l  be accomplished by the RMS contractc.. 

The ATP f c r  the prime cont rac tor ,  major subcontractor,  and Orbi ter  and RMS 

contractors  representing a l l  the major elements of the PEP Project is  assumed 

t o  be 1 October 1980. This approach is deemed t o  be most cost- and schedule- 

e f f ec t ive  and i s  based on assuming se lec t ion  of the prime contractor  on 1 July 



1980, fol lowed by a p p r o p r i a t e  n e g o t i a t i o n s  end l e t t e r  c o n t r a c t s  f o r  t h e  major  

p r o j e c t  e l emen t s  on 1 October  1980. 

The PEP system hardware r e f e r e n c e d  co r i f i gu ra t ion  c o n s i s t s  o f  t h e  a r r a y  deploy-  

ment assembly ( A D A ) ,  t h e  power r e g u l a t i o n  and c o n t r o l  assembly (PRCA), and t h e  

intpr ' face k i t  hardware.  Two s e t s  o f  t h i s  f l i g h t  hardware,  a long  wi th  two sets 

o f  GSE and one se ;  o f  i n i t i a l  s p a r e s ,  w i l l  be provided  f o r  o n e r a t i o n a l  u se .  

Tn t h e  o p e r a t i o n a l  mode, t h e  PEP s o l a r  a r r a y s  w i l l  p rov ide  most o f  t h e  power 

wh i l e  t h e  O r b i t e r  is i n  t h e  s u n ,  and t h e  O r b i t e r  f u e l  cell  and c r y o g e n i c  sys-  

tem w i l l  p rov ide  t h e  Dower on t h e  shaded s i d e  o f  t h e  o r j i t .  The combina t ion  o f  

s o l a r  a r r a y s  and f u e l  c e l l s  p rov ide  a  con t inuous  c a p a b i l i t y  of  29 kU a t  t h e  

bus.  T h i s  r e s u l t s  i n  15 kW i n  t h e  O r b i t e r  s o r t i e  mode o r  10.5 kW i n  t h e  nomi- 

n a l  Orbi t e r / S p a c e l a b  mode t o  t h e  exper iment  pay loads ,  which r e p r e s e n t s  i n  

e x c e s s  o f  a  f o u r f o l d  i n c r e a s e  i n  power l e v e l  and d u r a t i o n  ove r  t h e  b a s i c  

O r b i t e r  system c a p a b i l i t y .  F i g u r e  1 i l l u s t r a t e s  the PEP sys tem i n  o r b i t a l  

a p e r a t i o n s .  As i n d i c a t e d ,  t h e  s o l a r  a r r a y  p o r t i o n  o f  t h e  ADA is deployed by 

t h e  RMS whi l e  t h e  PRCA remains  i n  t h o  O r b i t e r  cargo  bay and p rov ides  r egu la -  

t i o n  and c o n t r o l  o f  t h e  gene ra t ed  e l e c t r i c a l  power. 

CAPABILITY SUMMAR 

29 kW, M A X I M U M  
DURATION - UP TO 2 0  DAYS 
INCLINATION - 28.5'10 POLAR (ORBITER DEPENDENT) 
ALTITUDE - 160 TO 300 NM (ORBITER DEPENDENT) 

e ALL ATTITUDE CAPABILITY 
OPERATICN - 1981 ON 
WEIGHT - 2,010 LB 

Fiwrr 1. PEP Configuration 



Tn t h e  stowed c o n f i g u r a t i o n ,  t h e  PEP system hardware r e s u l t s  i n  negligible 

l o s s  o f  a v a i l a b l e  payload volume. The t runnion f i t t i n g s  permit  i n s t a l l a t i o n  a t  

numerous l o c a t i o n s  i n  t h e  cargo bay. For Spacelab module miss ions ,  t h e  PEP is 

stowed in  t h e  forward a rea  between t h e  a i r l m k  and t h e  Spacelab. The ADA and 

t h e  PRCA may be e a s i l y  removed from t h e  Orb i t e r  when they  a r e  not needed f o r  a 

mission o r  f o r  maintenance. I n s t a l l a t i o n ,  removal, and maictenance t imes do 

not add any s e r i a l  t ime t o  t h e  Orb i t e r  ground opera t ions .  

The PEP system destgn approazh is based on minimum design modi f i ca t ions  t o  t h e  

e x i s t i n g  O r b i t e r  and RMS systems. The c'lA and PRCA a r e  a t t ached  i n  t h e  O r b i t e r  

cargo bay using s tandard cargo bay br idge f i t t i n g s  ( l igh twe igh t  b r idge  

f i t t i c g s  a r e  o p t i o n a l ) .  '71e RMS connection t o  t h e  s o l a r  a w a y  is made through 

a s t andard  grapple  connecf;ion. 

No problems o f  t e c h n i c a l  f e a s i b i l i t y  have been i d e n t i f i  t d  t o  d a t e  and none a r e  

a n t i c i p a t e d  inasmuch a s  t h e  b a s i c  system is pred ica ted  upon c u r r e n t  technology 

and hardware a l ready  under development. Pre-AT? :*ark on resea rch  and t e c h n i c a l  

o b j e c t i v e s  and planning (RTOP is being accomplished t o  a s s u r e  t h a t  long-le-d 

development i tems a r e  c l e a r l y  def ined f o r  proceeding i n t o  Phase C/D. The i tems 

inc lude  t h e  vol tage  r e g u l a t o r ,  t h e  gimbal assembly, and the  s o l a r  c e l l  aasem- 

b l y  items. 

2.2 PROCRAMMATICS SUMMARY 

PEP Pro jec t  schedule and funding is summarized in  Figure 2. The f i g u r e  shows 

t h e  major mi les tones  and funding requ i red ,  based on t h e  PEP r e f e r e n c e  con- 

f i g u r a t i o n  f o r  budgetary planning purposes. 

As i n d i c a t e d ,  t h e  PEP system s t u d i e s  a r e  t o  be completed d?!rir?g FY 73, 

followed by JSC RTOP's f o r  s e l e c t e d  technology a reas  t o  be accomplished before  

PEP ATP, A r e p r e s e n t a t i v e  RFP procurement c y c l e  is shown with t h e  major mile- 

s t o n e s  i n d i c a t e d ,  keyed t o  a 1 October 1980 PEP Phase C/D ATP. 

Phase C/D a c t i v i t y  is displayed f o r  t h e  PEP system e f f o r t ,  inc luding t h e  s o l a r  

a r r a y  and t h e  Orb i t e r  and RMS accommodatlons e f f o r t s  i n d i c a t i n g  a 30-month 

period from ATP t o  PEP i n i t i a l  operational c a p a b i l i t y  on 1 Apri l  1983. This  

plan provides two s e t s  o f  PEP system hardware and O r b i t e r  and RMS accommoda- 

t i o n s  with hardware d e l i v e r i e s  scheduled f o r  15 January i 983  and 15 J u l y  1983, 

respective:  y. 
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Figure 2. PEP Project Schedule and Funding (Reference Configuration Planning Baseline) 
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The cor responding  Phase C/D funding  is shown by f i s c a l  yea r  and cumula t ive  

t o t a l  i n  r e a l  yea r  d o l l a r s .  PEP sys tem funding  is f u r t h e r  subd iv ided  t o  show 

t h e  s o l a r  a r r a y  element  f m d i n g  because  o f  i ts  magnitude. T h i s  fund ing  p l an  

r e f l e c t s  a  r e l a t i v e l y  modest FY 81 fund ing  requi rement  o f  $12M w i t h  subs t an -  

t i a l  funding n o t  r e q u i r e d  u n t i l  FY 82 and 83 ,  c o n s i s t e n t  w i t h  t h e  o f f l o a d  of  

funding  from t h e  b a s i c  S h u t t l e  development program. 

I 

1.0 

12.1 

The programmatic a n a l y s e s  has  r e s u l t e d  i n  e s t a b l i s h m e n t  o f  t h e  f o l l o w i n g  key 

p o i n t s ,  which a r e  r e f l e c t e d  i n  t h i s  r e f e r e n c e  c o n f i g u r a t i o n  p l ann ing  b a s e l i n e :  

A .  Cur ren t  design/program i s s u e s  a r e  be ing  r e so lved  th rough  RTOP. 

- 
- - - 

5.6 23.3 

44.4 

0 Power c o n d i t i o n i n g .  

42.9 
38.8 - 
81.7 

14.0 
12.2 m 

4.7 

49.1 

S o l a r  c e l l s .  

0 Gimbal / s l ip  r i n g s .  

1.2 

27.4 / - - 

0. S o l a r  a r r a y  d e f i n i t i o n  emphasis  i s  on low c o s t ,  i . e . ,  low-cost c e l l s .  

C. I n t e r f a c e  wi th  O r b i t e r  and RMS h a s  been e s t a b l i s h e d .  

D. F l i g h t  q u a l i f i c a t i o n  g i l l  be used t o  minimize c o s t  and v e r i f y  IOC. 

E .  Schedule and funding c o n s t r a i n t s  have been t aken  i n t o  account :  

0 Two PEP u n i t s .  

Low f i r s t - y e a r  funding .  
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0 30 months to IOC. 

0 Seaond PEP u n i t  ava i lab le  for  1984 WTR operat ions .  
F. Cr i t ioa l  path schedule items have h e n  i d e n t i f i e d  md taken i n t o  

account i n  schedule planning, 

In ?unwary, the progranmatioa have been defined and v e r i f i e d  to a l e v e l  o f  

d e t a i l  cons i s tent  with proceeding i n t o  the hardware developaent phase o f  the  
project  . 



Sect ion 3 

PROJECT AND MISSION OBJECTIVES 

The S h u t t l e ,  a s  p a r t  of  the  STS, w i l l  provide low-cost, high-payload-weight 

d e l i v e r y  c a p a b i l i t y  t o  low e a r t h  o r b i t .  The c u r r e n t  and planned c a p a b i l i t y  of  

t h e  Orb i t e r  t o  support  t h e s e  payloads i s  l i m i t e d  t o  about 7 kW t o  t h e  payload 

f o r  a mission dura t ion  o f  from 5 t o  6 days.  The PFP w i l l  provide t h e  mechanism 

f o r  r e a l i z i n g  the  f u l l  c a p a b i l i t i e s  of  S h u t t l e  by augmenting t h e  e l e c t r i c a l  

power and mission dura t ion  provided.  The c a p a b i l i t y  o f f e r e d  by PEP i s  15 kW t o  

t h e  payload with mission d u r a t i o n s  o f  up t o  48  days. 

The o b j e c t i v e  of  PEP a s  p a r t  of  t h c  STS Program plan is t o  ensure  t h a t  t h e  

foregoing c a p a b i l i t i e s  a r e  provided a s  needed. Furthermore, it is t h e  i n t e n t  

t h a t  t h i s  development be accomplished i n  a manner t o  b e n e f i t  o t h e r  r e l a t e d  

developments, such a s  s o l a r  e l e c t r i c  propulsion (SEP) and power module, by 

v i r t u e  of r e l a t e d  technology items, des ign commonality, and f l e x i b i l i t y  of 

a p p l i c a t i o n .  

3.1 POWER AND DURATION CAPABILITY 

The primary o b j e c t i v e  of  t h e  PEP P r o j e c t  is t o  provide t i e  mechanism f o r  

s i g n i f i c a n t l y  augmenting t h e  Orb i t e r  power and dura t ion  c a p a b i l i t y .  On t h e  

c u r r e n t  O r b i t e r ,  e l e c t r i c a l  power is provided by t h r e e  f u e l  c e l l s  which con- 

ve r t  H and 0 cryogens t o  e l e c t r i c a l  energy.  The long-term power offer'ed t o  
2 2 

payloads is  l imi ted  t o  7 kW and t h e  cryogen tankage limits t h e  mission dura- 

t i o n  t o  5 t o  6 days. Addit ional  cryogen k i t s  (H and 0 ) placed under t h e  
2 2 

payload bay l i n e r  o r  wi th in  t h e  bay ~ a y l o a d  envelope would have provided on ly  

l imi ted-durat ion extension c a p a b i l i t y  a t  s i g n i f i c a n t  payload p e n a l t i e s .  These 

techniques  have been discarded r e c e n t l y  a s  p o t e n t i a l  cand ida tes  f o r  energy 

augmentation. 

PEP provides a d d i t i o n a l  e l e c t r i c a l  power by v i r t u e  of  its deployable 146-m 
2 

s o l a r  a r r a y  opera t ing  through PEP-provided r e g u l a t i o n  and d i s t r i b u t i o n  equip- 

ment t o  t h e  Orb i t e r  e l e c t r i c a l  bus. The t o t a l  power provided is  29 kW, thus  

al lowing 15 kW f o r  payloads ( 1 4  kW is consumed by the  O r b i t e r ) .  The power gen- 

n j' 
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era t ion  scenario is then a s  follows: the Orbiter fue l  c e l l s  provide the power 

when the  o r b i t  is in  the  shade. In the  sun, the  fue l  c e l l s  a r e  regulated back 

t o  an i d l e  leve l  of 3 kW ( 1  kW each) and the so l a r  a r ray  provides 26 kW for  a 

t o t a l  of 29 kW. The mission duration is still  l imited by cryogen consumption 

but is increased because of the lower consumption a t  fue l  c e l l  i d l e .  The cryo- 

gen consumption is effected by the amount of sunl ight  seen on a pa r f i cu l a r  

missior8 and the duration is then a function of  o r b i t  i nc l ina t ion ,  a l t i t u d e ,  

time of year,  time of  day of launch, e tc .  The envelope of  capab i l i t y  offered 

by PEP is shown in Figure 3 fo r  various inc l ina t ions .  The basel ine Orbiter 

cryo-only capabi l i ty  is shown for  reference. The f u l l  range of PEP performance 

capab i l i t i e s  is discussed i n  Section 3 of  Volume 2. 

I NCLl NATION (DEG) 

- 
0 10 20 30 40 50 

M i  SSION DURATION (DAYS) 

Figure 3. PEP Performance Envelope (4 Cryo Tank Sets, 3 k W  Fuel Cell Idle, 22ONMl 

3.2 EARLY PEVELOPMENT NEED 

A review of cur ren t ly  scheduled and planned Shut t le  So r t i e  missions ( i . e . ,  

Spacelab) indicates  a grea t  need fo r  increased power arid duration capabi l i ty .  

This need is manifested, in f a c t ,  by the requirements for  Spacelab Missions 1 

through 5, which a re  a l l  in need of addi t ional  power and/or duration capabil-  

i t y .  In addi t ion ,  a commitment for  PEP is needed ea r ly  t o  ease the mission and 



payload p l ann ing  a c t i v i t e s  now proceeding  such  t h n t  t h e y  could  t a k e  advan tage  

o f  t h i s  emerging c a p a b i l i t y .  C u r r e n t  p l a n s  a r e  f o r  PEP Phase C/O ATP on  1 

October  1980, w i t h  d e l i v e r y  of  t h e  first two u n i t s  on 15 Februa ry  1983 and 15  

J u l y  1983. F i r s t  f l i g h t  is scheduled  f o r  1 A p r i l  1983. 

3.3 SYSTEM COMMONALITY 

An a d d i t i o n a l  o b j e c t i v e  o f  t h e  PEP p r o j e c t  is t o  deve lop  PEP w i t h  an e y e  

toward component u se  on r e l a t e d  f u t u r e  programs. The r e l a t i o n  between PEP and 

SEP, power module, and t h e  s a t e l l i t e  s e r v i c e  c e n t e r  r equ i r emen t s  w i l l  be  

f r e q u e n t l y  and c a r e f u l l y  reviewed t o  e n s u r e  t h a t  c o s t - e f f e c t i v e  s t e p s  toward 

common d e s i g n  e l emen t s  a r e  t aken .  These might  i n c l u d e  p o r t i o n s  o f  t h e  s o l a r  

a r r a y ,  deployment mechanisms, power r e g u l a t i o n  and c o n d i t i o n i n g  equipment ,  and 

d i s t r i b u t i o n  equipment .  



Sec t ion  4 

RELATED STUDTES A N 3  TECHNOLOGY SUPPORT ACT1 VITIES 

4.1 RIT.ATED STUDIES 

S t u d i e s  d i r e c t l y  suppor t ive  o r  c l o s e l y  r e l a t e d  to  PEP a r e  l i s t e d  i n  Table 1. 

The f i v e  c u r r e n t  s t u d i e s  a r e  a l l  scheduled t o  be documented by 31 August 1979 

and w i l l  t h u s  provide d e t a i l  d a t a  t o  a s s i s t  NASA i n  RFP p r e p a r a t i o n ;  t h e y  w i l l  

a l s o ,  i n  a l l  p r o b a b i l i t y ,  h i g h l i g h t  a r e a s  worthy of  f u r t h e r  suppor t  p r i o r  t o  

C / D  c o n t r a c t  award. The two proposed s t u d i e s  a r e  no t  expected t o  be funded 

u n t i l  l a b e  t h i s  yea r ;  however, they  may be expected t o  provide  suppor t ing  da ta  

through PEP program requirements review, which is planned f o r  January 1981. 

4.2 NASA TECHNOLOGY SUPPORT 

JSC has submitted t o  NASA Headquarters f o r  approval  a power system engineer ing 

RTO? which c o l l e c t s  t a s k s  i n  s e v e r a l  c r i t i c a l  technology a r e a s .  Completion of 

t h e s e  t a s k s ,  l i s t e d  i n  Table 2, dur ing  CY 79 and 80 w i l l  p rovide  reasonable  

assurance t h a t  a l l  c u r r e n t l y  i d e n t i f i e d  long-lead technology requ i red  f o r  PEP 

is i n  hand. 

Table 1. PEP Related S t u d i e s  

T i t l e  (Cont rac t )  Expected Product 

OSM System Study 
PEP D e f i n i t i o n  Extension 
(NAS9-15532, JSC/MDAC) 

PEP Solar  Array Study 
(NAS9-15970, JSC/TRW) 

PEP Solar  Array Study 
(NAS9- , JSC/LMSC) 

Solar  Array Study 
(NAS8- , MSFC/TRW) 

Solar  Array Study 
(NAS8-32928, MSFC/LMSC) 

OSM Phase B 
(TBD, MSFC/TBD) 

SEPS Phase B 
(TBD, MSFC/TBD) 

Provides a PEP b a s e l i n e  d e f i n i t i o n  t o  t h e  
Phase B l e v e l ,  inc lud ing  programmatic 
requirements .  

Provides a PEP s o l a r  a r r a y / c o n t a i n e r  
d e f i n i t i o n  and p re l iminary  programmatics. 

Provides a PEP s o l a r  a r r a y / c o n t a i n e r  
d e f i n i t i o n  and p re l iminary  programmatics. 

Provides an assessment o f  p o t e n t i a l  
commonality o f  a r r a y s  f o r  PEP/OSM/SEPS. 

Provides an assessment of  p o t e n t i a l  
commonality of  a r r a y s  f o r  PEP/OSM/SEPS. 

RFP not  out--to provide Phase B d e f i n i t i o n  
of  f r ee - f ly ing  OSM. 

RFP out--to provide Phase B d e f i n i t i o n  
o f  SEP system. 
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Table 2. PEP Supporting RTOPts 

Code T i t l e  Expected products 

PEP system de f in i t i on  
completion 

PEP so l a r  a r r ay  
def ini t ion/design 

PEP power conditioning 
evaluation 

PEP/RMS dynamic 
ana lys i s  

PEP so l a r  c e l l  
development 

PEP ro t a t i ng  gimbal 

PEP so l a r  a r ray  
systems ana lys i s  
software 

Augmented Orbi ter  heat  
r e j ec t i on  study 

Enhanced Orbi ter  C02 
removal system 

Resource summary 

PEP f u e l  c e l l  interfaces/performance 
PEP/RMS/Orbiter i n t e r f aces  

Assess maintenance and repa i r  
approaches for  so l a r  array.  

Assess fue l  ce l l / vo l t age  regula tor  
performance in t e r ac t i ons  u t i l i z i n g  
EPDC a t  JSC. 

Assess Orbiter/PEP dynamic bounds. 
Define Orbiter/PEP software 
requirements and cons t r a in t s .  

Implement and qua l i fy  a wraparound 
s o l a r  c e l l  production l i n e  fo r  PEP. 

Define requirements and 
c h a r a c t e r i s t i c s .  Rocure  
prototype s l i p  r i ng  assembly 
f o r  PEP. 

Determine modeling requirements fo r  
and develop s implif ied models of  
PEP/Orbi ter so l a r  a r r ay  performance. 

TBD 

TBD 



Section 5 

TECHNICAL SUMMARY 

T h i s  section summarizes the technical aspects of the project.  Emphasis has 

been placed on the key elements involved i n  achievement of the project objec- 

t i ves .  The s igni f icant  areas of emphasis discussed in the following subsec- 

t i ons  are Missions, Systems, Design Developnent , F a c i l i t i e s ,  Logistics,  and 

Ground and Flight Operations. Included is the ra t ionale  which w i l l  be the 

bas is  for subsequent de ta i l  planning. 

5.1 MISSIONS 

The mission of PEP i s  to augment the power and duration capabi l i ty  of the 

Orbiter f ~ r  s o r t i e  missions. These would be primarily Spacelab module and pal- 

l e t  missions and also include combined missions and extended del ivery mis- 

sions. PEP doubles the power offered t o  payloads ( 15  kW) and increases the 

duration capabil i ty  from a nominal of 6 to  a maximun of 48 days. It can accom- 

modate a l l  Orbiter missions, i . e . ,  28.5 t o  104-deg inc l ina t ion  and 100 t o  

600-nm a l t i t ude .  T h i s  added capabil i ty  would eliminate the energy shortages 

present on the f i r s t  scheduled Spacelab missions. The f i r s t  f ive  are energy- 

short , based on t h e i r  current payloads, and following missions already require 

additional energy i n  t he i r  planning stages. In addit ion,  PEP would allow 

fu l l e r  use of payload equipment and increased data-gathering capabil i ty .  In 

addit ion,  t h i s  added capabil i ty  w i l l  allow the placement of additional payload 

equipment on a given f l i g h t  and t h u s ,  i n  the long term, decrease the -smber of 

f l i r h t s  needed. 

5.2 SYSTEMS 

The PEP system cons t i tu tes  an independent power subsystem which interfaces 

d i r ec t ly  w i t h  the Orbiter power buses t o  provide regulated power.(i .e. ,  32.6 

VDC nominal) t o  both the Orbiter subsystems and payloads. 

The PEP system elements t o  be considered i n  t h i s  technical plan include the 

following: 
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5.2.1 PEP F l igh t  Hardware 

A. ADA, which cons i s t s  of the so l a r  a r ray  boxes, blankets  and a r r ay  

equipment, masts with c a n i s t e r s ,  two-axis gimbal system, sun sensor ,  s igna l  

processor,  and the strongback support s t ruc tu re .  

B. PRCA, which contains  the  voltage regula tors ,  cold-plate i n s t a l l a t i o n s ,  

power cables ,  power-distribution box, and shunt regulators .  

C. Interface k i t ,  which includes bridge f i t t i n g s ,  re ten t ion  l a t ches ,  

power cables ,  and data/command harnesses. 

5.2.2 Orbi ter  and RMS Accommodations 

The PEP power cable i n s t a l l a t i o n  on the  RMS requi res  attachment of cable  sup- 

port  brackets.  The RMS accommodation provisions requi re  modification of the  

RMS bas ic  s t ruc tu re  so t h a t  brackets can be permanently attached. 

Modifications t o  the Orbiter have been defined by Rockwell In te rna t iona l  and 

defined in t h e i r  In te r face  Definition Document, which was prepared j o i n t l y  by 

RI and MDAC. 

The two major end item assemblies, the ADA and PRCA, a r e  i n s t a l l e d  in  the 

Orb i t e r ' s  cargo bay, as shown in  Figure 4 .  During a l l  PEP o r b i t a l  operat ions,  

the PRCA reference configuration remains in  the posi t ion shown. Conversely, 

the ADA is  deployed from the  Orbi te r ' s  cargo bay by the RMS f o r  PEP opera- 

t ions .  

An exploded view of the ADA is shmn i n  Figure 5. It cons i s t s  of two f l e x i b l e  

blanket so la r  c e l l  a r rays ,  two co i l ab l e  masts fo r  deployment and r e t r a c t i o n  of 

each ar ray  wing, cen t r a l  support structure or  strongback for  mounting the 

array,  aux i l i a ry  avionics equipment, and Orbi ter  attachment trunnions. The two 

independently deployed so lar  arrays a r e  housed in  separate  box assemblies. For 

a r ray  deployment, the can i s t e r s  a r e  each ro ta ted  90 deg u n t i l  perpendicular t o  

the blanket box assemblies. The ADA is  supported in  the cargo bay on trunnions 

and is restrained by remotely control led la tches .  The ADA incorporates  a grap- 

p le  f i x tu re  which mates w i t h  the RMS end e f f ec to r  and a gimbal assembly which 

a;lows or ien ta t ion  of the a r ray  fo r  sun-pointing a t  a l l  Orbiter a t t i t u d e s  and 

o r b i t a l  locat ions.  PEP a r ray  pointing is control led by a sun sensor and 

processor. The a r ray  power is t ransfer red  t o  the PRCA voltage  regulator^ via 

the power cable mounted on the  RMS. 



\ 

\ ARRAY DEPLOYMENT 
ASSEMBLY 

STRONG BACK 
CONFIGURATION 

POWER REGULATION AND 
CONTROL ASSEMBI Y 

BEAM MOUNTED 

Figure 4. PEP Reference Installation (Two-Beam Configuration) 

, MAST ASSEMBLY (21 

CANISTER 
SUPPORT 
ASSEMBLY 

DIODE ASSEMBLY 12) 

,, GIMBAL ASSEMBLY 

STRUCTURE 
ARRAY POINTING ASSEMBLY 

NSTRUMENTATION 
A N D  CONTROL HARNESSES' 

SIGNAL PHOCESSOH 

Figure 5. Array Deployment Assembly in Exploded View 
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The PRCA is sllown i n  Figure 6. As noted,  t h i s  assembly remains i n  t h e  O r b i t e r  

bay end provides  r e g u l a t i o n  and d i s t r i b u t i o n  o f  t h e  a r r a y ' s  e l e c t r i c a l  ou tpu t  

f o r  c o m p a t i b i l i t y  with t h e  Orb i t e r  buses.  This is accomplished with six iden- 

t i c a l  pulse-width-modulated r e g u i a t o r s  t h a t  a r e  configured f o r  p a r a l l e l  o w r a -  

t i o n .  The r e g u l a t o r s  reduce t h e  r e l a t i v e l y  h igh vo l t age  o f  t h e  a r r a y  down t o  

32.6 VDC wi thin  a 0.2-V bend. This vo l t age  range r e s u l t s  i n  t h e  d e s i r e d  load- 

sha r ing  c h a r a c t e r i s t i c s  between s o l a r  a r r a y  and t h e  O r b i t e r  f u e l  c e l l s .  The 

regu la ted  power is t r a n s f e r r e d  from t h e  PRCA power-dis t r ibut ion box t o  t h e  

t h r e e  Orb i t e r  power bus,es. A cold  p l a t e  is mounted between each o f  t h r e e  sets 

o f  r e g u l a t o r s  t o  provide a c t i v e  coo l ing  with c i r c u l a t i n g  Freon from t h e  

O r b i t e r  a f t  cold-pla te  loop.  

In  a d d i t i o n  t o  mounting the  PET i n  t h e  forward l o c a t i o n  ? n  t h e  volune between 

t h e  a i r l o c k  and t h e  Spacelab module ( r e f e r e n c e  Figure  4). t h e  PEP can be used 

with Spacelab p a l l e t s ,  as shown i n  Figure 7. The PRCA, with t h e  power- 

d i s t r i b u t i o n  box and vo l t age  r e g u l a t o r s ,  normally would be mounted i n  t h e  

forward l o c a t i o n  t o  minimize O r b i t e r  s c a r  weight and s t a n d a r d i z e  t h e  O r b i t e r  

i n t e r f a c e :  however, t h e  ADA can be mounted a t  va r ious  f o r e  and a f t  l o c a t i o n s  

VOLTAGE 
POWER DISTRIliUTION BOX 

/ 

- --. . .-- 
REG U LAT 

FORWARD 
h 

Figure 6. PGWW Regulation and Control AawmMy 
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\ / 

----_____, 
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Figure 7. PEP Caryo Bay Installation Envelope 

in the cargo bay. The RMS modifications and selected PEP power cable i n s t a l l a -  

t ion a re  shown i n  Figure 8. The major modification task is the mounting of the 

power cable support brackets on the RMS primary s t ruc tu re .  These a re  bonded t o  

the cy l indr ica l  beams and mechanically attached t o  the elbow's machined aluni- 

num housings. This task must be accomplished a t  the subassem~ly leve l  pr ior  t o  

f i n a l  assembly or  following disassembly of a built-up RMS. The power cable is  

removable i n  the f i e ld  for non-PEP missions tha t  require  the RMS. For non-RMS 

missions, the RMS can be removed from the Orbiter a f t e r  the PEP power cable 

has been removed. 

5.3 DESIGN AND DEVELOPMENT 

This section out l ines  the s a l i e n t  points  of the approach planned for design 

and development of the PEP Project hardware. Emphasized are  the PEP system 

prime con t rac to r / subcont rac to r (  s) technical ro l e s  and in te r  faces ,  and the 

design and t e s t  philosophy for the f l i g h t  hardware. This information i s  based 

on Volune 9 ( P E P  Design, Develol5ont, and Test Plans) ,  which should be 

referred to  for addi t ional  infor:nation and supporting data .  
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Figure 9 presents the PEP baseline master schedule, which ident i f ies  major 

subassemblies, development tasks,  period of performance, and major milestones. ; 
The design and developnent milestones ca l l  for a program requirement review 3 

months af ter  ATP and a preliminary design review 5 months l a te r .  The CDA 

occurs i n  the seventeenth month, w i t h  the f i r s t  delivery of a PEP i n  the 

twenty-eighth month following ATP. The f i r s t  f l i gh t  for PEP, establishing the 

i n i t i a l  operational capability ( I O C ) ,  occurs 30 months af ter  ATP. 

The prime contractor w i l l  do the system design of the ADA, manufacture the 

support s tructure for i t ,  and integrate the to ta l  assembly. The solar array 

subcontractor w i l l  do the deta i l  design and manufacturing of the solar array 

and deployment mechanisms, procure the masts, and deliver them to the prime 

contract.or for assembly into the ADA and final  acceptance test.ing. 

O n l y  the supporr. structure interfaces w i t h  the Orbiter,  i .e. ,  physically i n  

the Orbiter bay. PEP interfaces,  both physically and functionally (avionics 

and data connectors), through the grapple f i t t i ng  wi th  the RHS. The subcon- 

tractor w i l l  qualify h i s  deliverable f l igh t  hardware and equipment to the 





h i g h e s t  l w e i  t h a t  is p r a c t i c a l  and c o n s i s t e n t  wi th  a minimun r i s k ,  low-cost 

p r o g r a  deve l spnen t .  i'hc remaining q u a l i f i c a t i o n  r e q u i r e d  o f  t h e  ADA f o r  f i r s t  

f l i g h t  w i l l  be completed by t h e  p r i n e  c o n t r a c t o r .  

The PRCA is suppl ied  by t h e  prime con t r ac to r ' .  It is cmposed  o f  f a b r i c a t e d  

p a r t s  and vendor-suppl ied  components. The PRCA i n t e r  f a c e s  p h y s i c a l l y  and 

f u n c t i o n a l l y  w i th  O r b i t e r  i n  t h e  bay and f u n c t i o n a l l y  w i th  t h e  RMS v i a  elec- 

t r i c a l  c o n n e c t o r s  near  t h e  RMS s h o u l d e r .  The f u n c t i o n a l  connec t ion  between t h e  

ADA and PRCA is t h e  power c a b l e  i n s t a l l e d  on t h e  RMS between t h e  shou lde r  and 

e f f e c t o r .  

The PEP impact  on t h e  RMS is minimum, c o n s i s t i n g  o n l y  o f  t h e  accommodation 

p r o v i s i o n s  t h e  a forement ioned  wire h a r n e s s .  The prime c o n t r a c t o r  w i l l  pro- 

v i d e  q u a l i f i e d  wire c a b l e  t o  t h e  RMS c o n t r a c t o r  f o r  t h e  development o f  t h e  

ha rnes s .  The cable-mounted h a l f  o f  t h e  e l e c t r i c a l  c o n n e c t o r s  w i l l  a l s o  be 

s u p p l i e d  by t h e  prime c o n t r a c t o r .  

The O r b i t e r  accommodations r e q u i r e d  by PEP f o r  t h e  d e s i g n  r e f e r e n c e  mi s s ion  

u t i l i z i n g  t h e  Space lab  and t u n n e l  a r e  a s  fo l l ows :  :I) none f o r  t h e  ADA, (2) a 

b e a r i n g  pad on t h e  s t a r b o a r d  longeron  t o  r e a c t  t o  c o n t a c t  l o a d s  by t h e  PRCA 

custom b r i d g e ,  and ( 3 )  two wire h a r n e s s  i n s t a l l a t i o n s  from t h e  PRCA t o  t h e  

O r b i t e r  i n t e r f a c e  connector  p a n e l s ,  one on each  o f  t h e  p o r t  and s t a r b o a r d  

s i d e s  o f  t h e  O r b i t e r  bay, and (4) a thermal  c o n t r o l  i n t e r f a c e  pane l  w i th  

i n l e t / o u t l e t  l i n e s  and two d i s c o n n e c t  v a l v e s  on each  s i d e  o f  t h e  ca rgo  bay. 

The des ign  phi losophy e s t a b l i s h e d  f o r  P E P  is d i r e c t e d  toward maximum crew/ 

O r b i t e r  s a f e t y ,  r e l i a b i l i t y ,  and m a i n t a i n a b i l i t y  c o n s i s t e n t  w i th  s o r t i e  m i s -  

s i o n  sys tems,  and meeting t h e  c o s t  g o a l s  set f o r  t h e  development o f  t h e  sys-  

tem. It is e s s e n t i a l  t h a t  t h e  most economic approach ,  c o n s i s t e n t  w i th  we igh t ,  

performance,  and s a f e t y  r equ i r emen t s ,  be  t aken  f o r  a l l  a s p e c t s  o f  t h e  p r o j e c t .  

T e s t i n g  must be minimized b u t  s t i l l  complete  enough t o  e n s u r e  v e r i f i c a t i o n  

t h a t  PEP meets  des ign  and perfo-mance r equ i r emen t s  t h a t  canno t  be v e r i f i e d  by 

a n a l  s e s  o r  s i m i l a r i t y  compariaon t o  e x i s t i n g  q u a l i f i e d  f l i g h t  hardware.  

F u r t h e r ,  t e s t  hardware produced s o l e l y  f o r  test purposes  must be minimized. 

Th i s  development spproach is reasonab le  because  ( 1 )  P E P  i s  i n h e r e n t l y  a s a f e  

system because  it is used o n l y  t o  augment t h e  e x i s t i n g  e l e c t r i c  power sys tem,  

(2) f a i l u r e  o f  t h e  PEP s y s t e n  du r ing  f l i g h t  does  n o t  t o t a l l y  void an O r b i t e r  

s o r t i e  missio.1 b u t  o n l y  r educes  i ts  d u r a t i o n ,  and (3) t h e  P E P  is  recove red  

a f t e r  each  miss ion  and w i l l  undergo maintenance and r e p a i r  a s  r e q u i r e d .  



The ver i f ica t ion  t e s t  and evaluation ( V T & E )  approach being planned for  PEP 

w i l l  be s imi la r  t o  design evaluation and qua l i f i ca t ion  t e s t i ng  successful ly  

accompl ished on past NASA programs but taking in to  account t h a t  system 

quel i f  i ca t ion  w i l l  be accomplished by the f i r s t  f l i g h t .  The design 

q u ~ l i f i c a t i o n  approach t o  t e s t i n g  w i l l  qua l i fy  a  component or  item of equip- 

ment during a development t e s t  i f  the t e s t  specimen is s u f f i c i e n t l y  represent- 

a t i v e  of the f l i g h t  a r t i c l e  and is subjected t o  t e s t  l e v e l s  t h a t  meet 

qua l i f ica t ion  t e s t  requirements without f a i l u r e .  Design qua l i f ica t ion  t e s t i n g ,  

together w i t h  evaluation and qua l i f i ca t ion  of components and equipment by 

exhaustive analyses,  and by s imi l a r i t y  comparisons t o  qua l i f ied  hardware i n  

l i e u  of t e s t i ng ,  provides the  opportunity t o  develop PEP a t  the l e a s t  possible  

cos t  while taking minimum technical  r i sks .  

VT&E w i l l  be done on the components and equipmo it and t o  the ADA and PRCA sub- 

syst-em level  in the development, qua l i f i ca t ion ,  and acceptance t e s t  program. 

The f i r s t  f l i g h t  of the ADA and PRCA integrated i.nto PEP w i l l  complete system 

qua l i f i ca t ion  end e s t ab l i sh  PEP TOC. Tn the i n t e r e s t  of reducing cos t s ,  devel- 

opment and qua l i f ica t ion  t e s t i n g  w i l l  be combined on selected t e s t s  in  accord- 

ance w i t h  the design qua l i f ica t ion  t e s t  philosophy. Acceptance t e s t s  w i l l  be 

those typ ica l  of production acceptance t e s t i ng .  However, for  PEP acceptance, 

t e s t i n g  on a l l  avionics components and equipment w i l l  include vibrat ion and 

high-low thermal t e s t s  t o  ensure i n t e g r i t y  of e l e c t r i c a l  connect,ions. 

During development a  ver i f ica t ion  in tegra t ion  simulator for  power and avionics  

w i l l  be used t o  develop and ver i fy  software and ver i fy  system operaf.ion and 

performance. 

Figure 10 depic t s  the design development and t e s t  schedule for  the PEP system 

through hardwwe de l ivery  with respect t o  the design development milestones of  

the pro jec t .  

5.4 FAC ILTTTES 

The f a c i l i t i e s  required for  engineering, develooment, qua l i f i ca t ion .  produs- 

t i on ,  snd product accept.ance of PEP a r e  consis tent  w i t h  normal space hardware 

production. For the sutcontract- level  so la r  a r ray  development and production, 

ex is t ing  f a c i l i t i e s  a re  i n  the process of being augrrented by the prospective 

so la r  array cont rac tor (s )  and w i l l  be avai lable  for  PEP by ATP. Along w i t h  the 
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solar  array f a c i l i t y  preparation, the prospective so lar  c e l l  suppliers  are 

assessing production capacity requirements t o  assure tha t  adequate production 

r a t e s  can be met for PEP. 

Existing NASA f a c i l i t i e s ,  including t ra in ing  and simulation t e s t ing ,  are ade- 

quate for NASA in-house a c t i v i t i e s .  During the launch and f i i g h t  operations 

phase, exist ing STS f a c i l i t i e s  w i l l  be used wi th  e s sen t i a l ly  no modifications. 

For launch s i t e  processing, the plan w i l l  avoid f u l l  deploymant of the so lar  

arrays a t  the launch s i t e  which otherwise could requ're f a c i l i t y  construction 

or modification. T h i s  f a c i l i t y  capabi l i ty  w i l l  e x i s t  a t  the solar  array sub- 

contractor 's  location where such maintenance would be done. Fl ight  and o rb i t a l  

a c t i v i t i e s  i n  support of PEP come under the already-planned capab i l i t i e s  for 

the STS Program. 

In summary, it is not anticipated tha t  new f a c i l i t i e s  or f a c i l i t y  modifica- 

t ions  w i l l  be required for the PEP Project i f  exist ing f a c i l i t i e s  w i l l  be 

avai lable as planned. 

C. ' 5.5 PEP LOGISTICS 

PEP l o g i s t i c s  planning and implementation w i l l  be developed to  be compatible 

w i t h  the basic STS l o g i s t i c s  system. A l l  l o g i s t i c s  a c t i v i t i e s  w i l l  use 
- * exist ing f a c i l i t i e s ,  resources, and manpower wherever possible. 



PEP w i l l  use standard integrated l o g i s t i c s  support approaches, following the  

guidel ines  of JSC 07700 Vol. XII; they a re  shown i n  Figure 11 .  

The PEP Operations and Logis t ics  Plan w i l l  be developed to  czscr ibe  t he  

approach and implementation )f t he  PEP l o g i s t i c s  e f f o r t .  The l o g i s t i c s  prograd 

w i l l  be i n i t i a t e d  w i t h  support requirement ana lys i s ,  optimum repa i r  l eve l  

ana lys i s ,  and main ta inabi l i ty  analyses of the  PEP design. Then a maintenam e 

concept w i l l  be defined from which repa i r  po l i c i e s  and a maintenance plan a r e  

derived. Subsequent1 y, spares provisioning and consumable forecas t  data  a r e  

generated. 

Additional e f f o r t  in  developing operation and maintenance docunentation; a 

packaging, handling, s to rage ,  and t ranspor ta t ion  program; and a t r a in ing  pro- 

gram will complete t he  l o g i s t i c s  e f f o r t  fo r  the  ana lys i s  and planning phase of 

PEP. 

I n  t he  implementation phase, t he  contractor  w i l l  produce the  operat ion and 

maintenance docunentation and ac t i va t e  l o g i s t i c s  plan a c t i v i t i e s  a t  KSC. S u p  

p ly  support,  intermediate maintenance support ,  and t r a in ing  support w i i l  be 

done w i t h  KSC d i r ec t i on .  
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5.6 PEP MISSION GROUND AND FLIGHT OPERA'iTONS 

F i g u r e  12 is a p i c t o r i a l  f low o f  t h e  PEP p r o c e s s i n g  a c t i v i t i e s  r e q u i r e d  a t  t h e  

KSC launch  s i te  f a c ! l i t y  and on -o rb i t  a c t i v i t i e s .  The da rk  a r rows  d e p i c t  t h e  

a c t i v i t i e s  f l ow  f o r  tu rnaround on subsequen t  f l i g h t s .  H o r i z o n t a l  p r o c e s s i n d  

and i n t e g r a t i o n  were b a s e l i n e d  f o r  t h e  PEP w i t h  i n t e g r a t i o n  i n  t h e  O r b i t e r  

o c c u r r i n g  i n  t h e  O r b i t e r  p r o c e s s i n g  f a c i l i t y  (OPF). 

During i t s  o r b i t a l  s t a y ,  t h e  PEP w i l l  be deployed wi th  t h e  RMS arm t o  p rov ide  

t h e  power l e v e l  and d u r a t i o n  needed by t h e  payload .  The PEP w i l l  be stowed 

d u r i n g  o r b i t a l  cha:ldes t h a t  r e q u i r e  f i r i n g  of t h e  O r b i t a l  MAneuvering System 

(OMS) ar when t h e  RMS is needed f o r  o t h e r  payload a c t l v i t , i e s .  During r e t u r n  

from o r b i t ,  t h e  PEP w i l l  aga in  be q u i e s c e n t .  

i . S , 1  - Launch S i t e  O p e r a t i o n s  

Upm a r r i v a l  a t  KSC, t h e  PEP t o t a l  system w i l l  be checked t o  v e r i f y  s u c c e s s f u l  

O r b i t e r  i n t e g r a t i o n  and subsystem c o m p a t i b i l i t y .  Depth o f  t e s t i n g  w i l l  be 

based on a modif ied ship-and-shoot phi losophy f o r  minimum KSC checkout  e f f o r t .  

Cargo i n t e g r a t i o n  and t e s t  equipment (CITE) w i l l  be t e s t e d  wi th  o t h e r  c a r g o  
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Figure 12. PEP Operations 

26 

MCOONNELL DOUOL A S ,  ,s 

ORBITAL 
OPERATIONS 

PEP DEPLOYMENT 
MISSION SUPPORT 
PEP STOWAGE 

LANDING 
PEP POWER OFF 
(QUIESCENT) 

O&C BUILDING 
Clf E INTEGRATION 

INTRASITE PREVERlFlCATlON 
TRANSPORTATION 



elements and an Orbiter simulator before the f i r s t  f l i g h t .  CITE a c t i v i t i e s  for  

subsequent PEP f l i g h t s  w i l l  be on an "as-neededn bas is  determined by other 

payload needs. 

The c r t t i c a l  launch processing a c t i v i t i e s  a r e  PEP i n s t a l l a t i o n  and removal 

from the  Orbiter i n  the OPF. For Spacelab module f l i g h t s ,  the PEP w i l l  have t o  

be in s t a l l ed  a f t e r  and removed before the tunnel s ince  the PEP w i l l  be located 

d i r e c t l y  over it. The GSE strongback w i l l  be us24 fo r  simultaneous horizontal  

i n s t a l l a t i o n  of tht? PEP hardware assemblies ( i . e . ,  ADA and PRCA) i n t o  t he  

Orbiter payload bay. Tns ta l la t ion  and ve r i f i ca t ions  w i l l  be performed without 

any s e r i a l  schedule impact t o  the  Orbiter.  PEP power w i l l  be off  u n t i l  the PEP 

is deployed on o r b i t .  Removal of  the PEP i n  the OPF a f t e r  the  Orbiter lands 

w i l l  require  only 13 hours. PEP can be removed from the  Orbiter cargo bay a t  

the  launch ( i . e . ,  v e r t i c a l )  during contingency operations.  

I n  the normal operat ional  turnarourd, a f t e r  the  PEP is removed from the 

Orbiter i n  its container ,  it w i l l  be transported on a  flat-bed t r a i l e r  t o  Han- 

gar S and in s t a l l ed  in the  PEP t e s t  f i x tu re .  Its subsystems w i l l  5e checked 

out ,  followed by an integrated systems and mission simulation t e s t  in  which 

the so la r  a r rays  a re  not deployed. 

Extended turnarounds w i l l  be required un t i l  the  PEP becomes opera t iona l ,  and 

for solar  panel maintenance (about every 2,000 hours of exposure). The 

extended turnarounds a re  the same except, t h a t  the  so la r  arrays w i l l  be removed 

from the PEP, returned t o  the  factory for maintenance and checkout, and then 

returned to  the launch s i t e .  Simultaneously with those a c t i v i t i e s ,  the 

remaining PEP subsystems w i l l  be checked out.  After the solar  arrays a r e  rein- 

tegrated w i t h  the PEP, in te r faces  w i l l  be ver i f ied  and an integrated systems 

t e s t  w i l l  be performed. 

5.6.2 Flight-On-Orbit Operations 

PEP cons i s t s  primarily of an e l e c t r i c a l  power subsystem comprising a  

deployable so la r  a r ray  and PRCA equipment, It w i l l  be i n s t a l l ed  in  the cargo 

bay of the Orbiter as  addi t ional  power demands d i c t a t e .  The PEP system 13 

transported t o  o r b i t  while stowed i n  the  Orbiter bay ( i t  usual ly is mounted 

over the short  tunnel on a  Spacelab mission).  However, it may be located any- 

where along the  length of  the Orbiter bay within the RMS reach limits t o  

accommodate spec i f i c  mission requirements. On o r b i t ,  the so l a r  a r ray  portion 

i s  attached t o  the Orbiter RMS and deployed. 

MCOONNELL DOUGLCIS ,% 



Deployment is accompl i shed  by t h e  RMS o p e r a t o r  kom t h e  a f t  f l i g h t  d e c k  w h i l e  

v iewing  fiom O r b i t e r  windows and c l o s e d - c i r c u i t  TV. h r i n g  t h i s  p l a c e m e n t ,  t h e  

PEP a r r a y  is m a n u a l l y  o r i e n t e d  toward t h e  s u n ,  A t  t h e  o p e r a t i o n a l  p o s i t i o n ,  

t h e  RMS is  locked  i n  p l a c e ,  t h e  s o l a r  a r r a y  is e x t e n d e d ,  and t h e  PEP a r r a y  

p r o v i d e s  power to t h e  O r b i t e r .  PEP is t h e n  i n  a f u n c t i o n a l  mode. 

During t h e  m i s s i o n ,  t h e  a r r a y  is o r i e n t e d  toward t h e  sun  u s i n g  PEP g i m b a l s  

c o n t r o l l e d  b y  a sun s e n s o r .  The RMS r e m a i n s  f i x e d  w i t h  r e s p e c t  t o  t h e  O r b i t e r .  

Power from t h e  a r r a y  is c o n t r o l l e d  t h r o u g h  t h e  PEP r e g u l a t o r  w h i l e  i n  t h e  sun 

and t h e  O r b i t e r  f u e l  ce l l s  p r o v i d e  O r b i t e r / p a y l o a d  power d u r i n g  t h e  d a r k  

p o r t i o n  o f  t h e  o r b i t .  

To s t o w  t h e  PEP, t h e  s o l a r  a r r a y  is r e t r ~ c t e d  and t h e  RMS a c t i v a t e d ,  The oper-  

a t o r  g u i d e s  t h e  PEP u n t i l  t h e  PEP c a n  be l a t c h e d  i n t o  i ts  s t o w a g e  p o s i t i o n  i n  

t h e  O r b i t e r  bay. 

F l i g h t  d a t a  w i l l  b e  a c q u i r e d  and f o r m a t t e d  i n  t h e  GPC. The d a t a  is t r a n s f e r r e d  

t o  t h e  PCM s y s t e m  and t r a n s m i t t e d  to t h e  ground v i a  t h e  t r a c k i n g  and d a t a  

r e l a y  s a t e l l i t e  sys tem.  The d a t a  is t h e n  t r a n s f e r r e d  t o  m i s s i o n  c o n t r o l  a t  JSC 

by t h e  ground l i n e  o r  d o m e s t i c  s a t e l l i t e .  M i s s i o n  c r i t i c a l  d e t a  w i l l  be 

decornmutated and p r o c e s s e d  on s t a n d a r d  O r b i t e r  d a t a  p r o c e s s i n g  equ ipment .  

A d d i t i o n a l  PEP f l i g h t  d a t a  may be r e c o r d e d  d u r i n g  f l i g h t  and p r o c e s s e d  on t h e  

ground d u r i n g  p o s t f l i g h t  a n a l y s i s .  



Section 6 

HANAGEHENT 

TBD by JSC 



Section 7 

PROCUREMENT APPROACH 

TBD by JSC 



Section A 

PROJECT DEFINITION ITEMS AND SCHEDULE 

(WBS, GFE LIST, MAJOR MILESTONES AND MASTER SCHEDULE, 

DELTVERABLE HARDWARE LIST, AND PLANS AND SPECIFICATIONS) 

This sect ion provides summaries of the basic  project  de f in i t i on  items which 

have been developed from programmatic analyses during t h i s  study phase and 

represent the framework for  implementing the PEP hardware development and in i -  

t i a l  operations phases of the PEP Pro jec t .  The WBS s t ruc tu re  and ieve l  of ele- 

ments and the master schedule and major milestones are  provided from wl?ich the 

Phase C/D d e t a i l  planning can be derived and control led.  Also included are  the 

GFE and del iverable  hardware lists. The GFE l i s t  represents  the ex;:iting NASA 

equipment, which is assumed t o  be avai lable  t o  the PEP Project for  fu ture  use. 

T h i s  equipment represents  a previous NASA investment designated for  reuse, 

which avoids what otherwise would be new cos t s  chargeable t o  the PEP Project .  

The del iverable  hardware list includes items t o  be delivered by the PEP system 

contractor  as  well a s  the Orbiter and RMS accommodations peculiar t o  PEP. This 

sect ion a l so  includes a summary of the plans and spec i f ica t ions  which w i l l  be 

implemented as par t  of Phase C/D. 

8.1 WORK BREAKDOWN STRUCTURE 

T h i s  sect ion provides the WBS fo r  the PEP pro jec t .  It shows the re la t ionship  

of the PEP pro jec t  t o  the STS program along with providing d e t a i l  through 

Level 6 elements. 

Figure 13 depicts  the program WAS by the major elements. As indicated,  the  PEP 

Project  is shown as  a Level 3 project  of t he  overa l l  STS program. Level 3 PEP 

Project implementation would be through the designated Project Office. The 

project  WBS Level 4 elements a re  organized s imi la r  t o  other  STS program- 

re la ted  pro jec ts  and represent the  major elements of t h i s  p ro jec t ,  including 
. - prime, assoc ia te ,  and NASA c i v i l  service and support contractor eiements. 
! 

*.. . -. .? 
WF@ Jement  01, Orbiter Accommodations, provides for  Orbiter integrat ion sup- 

\ port and Orbiter accommodations assumed t o  be done by the Orbiter contractor .  
A .  
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LEVEL 1 

LEVEL 2 

Figure 13. PEP Project Elements - Summary Work Breakdown Structure 

J 
sc 
PROGRAM 
MANAGEMENT 
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WBS Element 02, RMS Accommodations, provides for the modifications t o  be made 

to the basic RMS, consisting of the a t tach  provisions necessary for ins ta l la -  

t ion of the PEP RMS cable assembly. 

LEVEL 3 

WBS Element 03, PEP System, provides for the DDTLE, production, and i n i t i a l  

operations support through f i r s t  f l i g h t  of the PEP. hardware, including the  

solar  array. T h i s  element represents the PEP prime contractor and solar  array 

subconcractor scope of work and represents the new hardware being developed. 

PEP 
PROJECT 

WBS Eleaent 04, Integration Testing, and 05, Mission Planning and Operations, 

provide for the PEP-peculiar NASA c i v i l  service and support contractor ac t iv i -  

t i e s  of integrat ion test ing and mission planning and operations a t  JSC and 

KSC. These elements w i l l  be expanded by JSC. 

WBS Element 06, F a c i l i t i e s ,  provides for the f a c i l i t i e s  required for PEP other 

than contractor f a c i l i t i e s .  It is assumed tha t  exist ing Government f a c i l i t i e s  

a t  JSC and KSC w i l l  be made avai lable and are believed to be e s sen t i a l ly  ade- 

quate. Any minor modifications, i f  required and identif ied a s  PEP-peculiar , 
would be included herein. 

LEVEL 4 I-IAIE, PRIME CONTRACTORS) (NASA AND SUPPORT CONTRACTORS) 
I I I I I i 
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Figure 14 depicts  Levels 5 and 6 for WBS Element 03, PEP System. Level 5 rep- 

resents  the system-level elements. Level 5 ,  Flight Hardware element, is 

further ofoken down into Level 6 end-item elements. Lower-level UBS elements 

w i l l  be defined by the contractor a s  part of the Phase C/D proposal and 

approved by JSC during the i n i t i a l  project  implementation period. 

LEVEL I 

SYSTEM I M P  I 

FINAL ASSEM8LY 
CHECKOUT 

LEVEL 5 

301 
. 

SYSTEM 
PblOJECT ENGINEERING FLICXT 
MANAGEMENT AND Hf~tt0-44WE EVALUATION SUPPORT TEST AND 

INTEGRATION SUWORT 

. . - . - . . . - . . 
MATERIAL AND M U O R  SUEONTRACTS 
SPECIAL TEST EOUICMENT 

L_ 

PLANNING AND . SYSTEM RECUIREIWYTS 
CONTROL . S Y S T E M Y E a  
WORK CONTROL SUBSYSTEM WECS 
COST EONTROL SVSTEI' TIESIGN AND 
SCHEDULE PERFOhMANCE 
CONTROL ANALYSIS . PROCUREMENT . INTERFACE DE FINITION 
MANAGEMENT . RE LIABILITY 

b CO*.CIGURA- MAINTI1"IABILITY 
T lUN MGMT . SAFETI  
DATA MGMT . HUMAN ENGINEERING 

OUALITY ASSURANCE 

DEVLLOIUENT TEST 

. HANDLING AND MUOR TEST . LOOISTICS INTEQRITION . MISSION 
TRANSPORTA- HARDWARE SUWORT CHECKOUT PLANNING 
TlON M U O R  TEST PLANWIN(; FLIGHT- . CHECKOUT -DEVELOP- . TRAINI'IG PERFORMANCE 
EOUICUENT WENT WAR>$ ANALYSIS 
CONTAINERS - OUALIFICA- FRO'JISIONING 

0 INITIAL WARES TION . MANUALS 
MOCKUPS 
SPECIAL T f S 7  
EOUINENT 
CONSUMABLES 

ACCEPTANCE TEST 
UU4LIFICATION TEST 
I k l l l A L  SPARES 

TEST PLANNING 

INTEGRATION d NOTE LOW?:; LEVEL WW ELEMENTS WILL OE DEFINED 
~OCURLMEN: WECICICATION IIV w i  CONTRACTOR AS PART OF THE MASF 
DESIGN C/O PROPOSAL AND AWROVED BY JW DUqlNG TME 
TOOLING IDESIOY. FABRICATIONI INITIAL PROIECT IMPLEMENTATION ?ERIOD. 

Figure 14. PEP WBS ElenWrts 

8.2 GFE LIST 

have been identif ied and are planned to  be avai lable The followifig GFE items 

to  the PEP Project for Phase C/D implementation and operaticns. 

Quanti ty 
CI L Apollo Program 

STS Program 

Thermal conditioning w i t  
S14-125 (G16-828610) 

RMS 

12ct.n clot11 f o r  R;lS 
c n t ; i p  n:;st.nlbly s h i e l d  

MCOONNELL 
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8.3 MAJOR HTLESTONES AND ?ASTER SCHEDULE 

T h i s  s e c t i o n  c o n t a i n s  a d e s c r i p t i o n  and summary a n a l y s i s  o f  t h e  PEP hardware 

development s chedu le .  It is denigned t o  p rov ide  a g e n e r a l  unde r s t and ing  of t h e  

s c h e d u l e  l o g i c ,  i d e n t i f y  p r i n c i p a l  c r i t i c a l  p a t h s  and d i s c u s s  t h e  r e l a t i o n s h i p  

o f  t h e  development p l an  t o  t h e  PEP major m i l e s t o n e s .  

The PEP P r o j e c t  mas ter  s c h e d u l e ,  F i g u r e  15, h a s  bean s t r u c t u r e d  i n  c o n c e r t  

wi th  t h e  s e g r e g a t i o n  o f  work d i s p l a y e d  on t h e  WBS, F i g u r e s  13 and 14.  T h i s  

c o r r e l a t i o n  wi th  t h e  WBS p r o v i d e s  8 d i r e c t  r e l a t i o n s h i p  between c o s t  and 

schedu le .  

As shown on t h e  s c h e d u l e ,  a 30-month pe r iod  is planned from p r o j e c t  ATP t o  

IOC. T h i s  time pe r iod  is cons ide red  t h e  s h o r t e ~ t  p r a c t i c a l  pe r iod  i n  which t o  

accomplish p r o j e c t  o b j e c t i v e s .  The schedu le  is keyed t o  having  PEP a v a i l a b l e  

f o r  l auncb  by t h e  end o f  March 1983. To meet t h i s  s c h e d u l e  o b j e c t i v e ,  16 

months h a s  been a l l o t t e d  f o r  accompl ish ing  a c t i v i t i e s  a s s o c i a t e d  wi th  P re l imi -  

n a r y  Requirements  Review (PRR), P r e l i m i n a r y  Des!.gn Review (PDR), and C r i t i c a l  

Design Review ( C D R ) .  Accomplishment o f  t h e s e  e v e n t s  w i t h i n  t h i s  t i m e  pe r iod  

w i l l  r e q u i r e  t i m e l y  and c l e a r  agreement  on t h e  d e s i g n  concept  t h a t  is adopted.  

Engineer ing  development, a n a l y s i s ,  and e v a l u a t i o n  must be completed e a r l y  i n  

t h e  p r o j e c t  r e l a t e d  t o  t h e  long-lead i t ems .  S o l a r  a r r a y  d e s i g n  and procurement  

a c t i v i t y  is planned t o  be i n i t i a t e d  c o n c u r r e n t l y  w i th  t h e  PEP c o n t r a c t o r  sys-  

tem d e s i g n .  The PRR r e s u l t s  must be mu tua l ly  d e f i n i t i v e  and a c c e p t a b l e  and 

a l l o w  f o r  e a r l y  and p a r a l l e l  commitments f o r  long-lead procurement  o f  items 

such a s  s o l a r  c e l l s  by t h e  s o l a r  a:.ray c o n t r a c t o r  and v o l t a g e  r e g u l a t o r s ,  

e l e c t r i c a l  components,  and gimbal components by t h e  PEP c o n t r a c t o r .  It is 

assumed t h a t  planned pre-ATP a c t i v i t i e s  w i l l  p rov ide  t h e  n e c e s s a r y  sys tem 

d e f i n i t i o n  t o  f a c i i i t a t e  placement o f  purchase  o r d e r s  on t h e s e  long-lead items 

in p a r a l l e l  wi th  PRF?. 

Design rev iews  a t  t h e  component l e v e l ,  a s  a p p r o p r i a t e ,  w i l l  a l l o w  t h e  r e l e a s e  

o f  e n g i n e e r i n g  drawings  r e q u i r e d  t o  d e s i g n  and f a b r i c a t e  t o o l i n g  and beg in  t h e  

f a b r i c a t i o n  o f  de t a i l .  p a r t s  i 1 4  p a r a l l e l  w i th  p r e p a r a t i o n  f o r  sys tem-leve l  

de s ign  r ev i ews ,  e .g. ,  CDR. T h i s  approach w i l l  a l s o  a l l o w  e a r l y  manufac ture  o f  

p a r t s  f o r  p ro to type  hardware b u i l d ~ p  and test t o  v e r i f y  f l i g h t  hardware 

d e s i g n .  Breadboard /braszboard  development w i l l  begin a t  ATP, which w i l l  p e rmi t  
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an e a r l y  s t a r t  of  integration/verification s imulator  opera t ions  f o r  e l e c t r i c a l  

development o f  the  PEP system 6 months a f t e r  ATP. 

Q u a i i f f c a t i o n  and f l i g h t  hardware assembly w i l l  i n  most i n s t a n c e s  commence 

immediately foliowing CDR. Thorough q u a l i f i c a t i o n  t e s t i n g  atld subsequent use  

of  f l i g h t  conf igurat ion components and GSE i n  t h e  i n t e g r a t i o n /  v e r i f i c a t i o n  

s imulator  w i l l  reduce o r  e l imina te  any incompatibi '  i t ies durint? O r b i t e r  

i n t e r f a c e  t e s t s  a t  KSC. Also, Orbi ter /crew s a f e t y  dur ing launch and landing 

and during in - f l igh t  deployment o f  t h e  PEP system would be enhanced. The PEP/ 

s o l a r  a r ray ,  PEP/RMS and PEP/Orbiter i n t e r f a c e s  w i l l  be v e r i f i e d  p r i o r  t o  

hardware d e l i v e r y  t o  K s C .  This t e s t i n g  w i l l  begin 2-1/2 m w t h s  p r i o r  t o  d e l i v -  

e r y  of t h e  PEP system t o  t h e  launch f a c i l i t y .  

F ina l  d e l i v e r y  of  t h e  PEP system w i l l  c o n s i s t  o f  two major end i t ems  p l u s  t h e  

i n t e r f a c e  k i t  and GSE. The ADA, which inc ludes  t h e  s o l a r  a r r a y ,  and t h e  PRCA 

a r e  t h e  two end i tems.  The RMS and Orb i t e r  accommodations w i l l  be completed 

and a v a i l a b l e  f o r  d e l i v e r y  o f  t h e  launch f a c i l i t y  i n  p a r a l l e l  with t h e  a r r i v a l  

o f  the  PEP system. 

K X  ground cpera t ions  f o r  prepar ing PEP f o r  its first f l i g h t  a r e  scheduled f o r  

6 weeks, inc luding rece iv ing ,  i n t e g r a t i o n ,  checkout,  O r b i t e r  i n s t a l l a t i o n ,  and 

launch p repara t ions .  

8.4 CRITICPL PATH ASSESSMENT 

Three c r i t i c a l  path i tems a r e  i d e n t i c i e d  on t h e  schedule ,  c o n s i s t i n g  of t h e  

s o l a r  c e l l  assembly, t h e  vo l t age  r e g u l a t o r ,  and t h e  gimbal assembly compo- 

nents .  I n  each ins tance ,  t h e  p r i n c i p a l  c r i t i c a l  i s s u e  r e l a t e s  t o  procurement 

leadt imes .  The procurement o f  long-lead i t ems ,  t h e  manufacture and assembly o f  

se lec ted  components f o r  q u a l i f i c a t i o n  t o  ensure  q u a l i f i e d  f l i g h t  hardware and 

t h e  subsequent i n t e g r a t i o n ,  and f i n a l  assembly and checkout o f  t h e  PEP system 

a r e  the  c r i t i c a l  paths  t h a t  w i l l  bear cons tan t  and e f f e c t i v e  management i f  t h e  

p r o j e c t  o b j e c t i v e s  a r e  t o  be a t t a i n e d .  

P ro jec t  elements w i l l  be f u r t h e r  analyzed and d e f i n i t i z e d  dur ing t h e  Phase C/D 

proposal a c t i v i t y .  Schedule l o g i c  and hardware leadt imes  w i l l  be v a l i d a t e d  an3 

rev i sed ,  a s  appropr ia te ,  c o n s i s t e n t  with expanded d e f i n i t i o n .  Schedules w i l l  

be developed a t  lower l e v e l s  dur ing t h e  C/D phase i n  keeping with expansion of 

the  WBS t o  implement and v a l i d a t e  t h e  master schedule.  



9.5 DELTVFRARLE H A R D W A R E  LIST 

The f o l l n w i n f i  d e l i v e r ~ b l e  h a r d w ~ r e  it.ems w i l l  be p r o v i d e d  a s  t h e  o u t p u t  of t h e  

d e s i g n  development  and produc t ,  i o n  p h a s e s  o f  t h e  PEP P r o j e c t  : 

I .  PEP System H n r d w ~ r e  

Itern --- Q u a n t i t y  

A D A  

PRCA 

I n t e r  f a c e  k i t .  

CPE 

I n i t i n 1  s p a r e s  

2 t 

2 

2 

2 si-ts 

1 set  

1 .  O r b i t e r  Acc-ommodations 

Ttem --- 

S t r u c t u r n l / m e c h n n i c e I  T/F p r o v i s i o n s  

E l e c t r i c n l  T/F p r o v i s i o n s  

Therm:rl T/F p r o v i s i o n s  

2 sets 

2 sets 

2 sets 

T T T  . RMS Accommodations 

Q u a n t i t y  

@RMS wt t.h accommodat, t on 

P r o v i s i o n s  

* F a s i c  RMS p r o v i d e d  as  CFE 

8.6  PLANS AND SPEC I F  TCATTONS 

T h i s  s r c t  i o n  surnmwizra  t,hc Phiqse C/I )  p l a n s  anti s p e c i f i c a t , i o n s  f o r  imple-  

ment ing  the  PEP P r o j e c t .  T ~ P  p l a n  t r e e  and t.he d e s i g n  document.nt,ion s t r u c t u r e  

f o r  t h c  documents n r e  i n (  l u d r v l ,  w i t h  a  b r i e f  d e s c r i p t , i o n  o f  e a c h  and DRD num- 

h e r s  3s nppl i c a h l e  . Addit l o n a l  in format . ion  on t h e  r e q u i r e m e n t s  of e a c h  docu- 

ment .s i n  Volurnr 1" PPEF Data 1 t . m  D e s c r i p t i o n s .  

8.6.1 Pro  l w t  P l a n s  - - -L- . .- - -  
A p p r o p r i a t . ~  man.,gement., e n g i n e e r i n g .  And o p e r a t i o n s  p l a n n i n g  and irnpl*:ment8- 

t i o n  w e  n e c e s s a r y  t o  a s s u r e  nn i n t e ~ r ~ t ~ e d  and  ont trolled PEP P r o j e c t .  The 

p l ~ n  structure f o r  PEP t s  ~ i v r n  I n  F i g u r e  16. At. t h e  t o p  l e v e l  Is t h r  PEP Pro- 

j e c t  P l a n ,  aupplit-d b y  NASA, which fo rms  t h e  h n s i s  for a l l  ot.ht3r p l a n s .  The 
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Figure 16. PEP Plan Tree 

f igure provides the following information: 

Ident i ty  of a11 plans t o  be prepared and/or updated by the  contractor  

a, 'ing Phase C/D. 

a Relationship of each plan t o  the data requirement descr ipt ion l i n e  item 

number in  Volume 12 of the extension phase of the Orbi tal  Service Module Sys- 

tems Analysis Study (OSMSAS). 

Relationship of each plan t o  the  appropriate OSMSAS volume where a  

plan, or detai led requirements for  a  plan, was prepared during the Phase B 

e f f o r t .  

Table 3 provides a  summary of the purpose and scope for  each plan l i s t e d  i n  

Figure 16. 

8.6.2 Specif icat ions and - Related Documents 

The PEP design document s t ruc tu re  is given in Figure 17. The Phase B study 

product (system spec i f i ca t ion ,  environmental spec i f ica t ion ,  and in t e r f ace  

. . def in i t ion  document) represents  the technical  s t a r t i n g  posi t ion for  Phase C/D. 
As the design e f f o r t  progresses during Phase C/D, these documents a r e  refined 

by the PEP system contractor  ?.o contain the systems-level design and in t e r f ace  



Table 3. i'F2 Project  Plans (page 1 of 7 )  
- 

I. NASA l e v e l  Purpose Scope 

PEF Project  Plan Provides t h e  ove ra l l  plan Contains summary ,>f: 
f o r  developing and &c- 
i n s  i n t o  operation t h e  Schedule and cost  

PEP a s  an element of t he  Project  and mission 
Space Transportation objec t ives  
S) stem program Related s tud ie s  and 

technology support 
a c t i v i t i e s  

Management approach 

Procurement approach 

Project  de f in i t i on  items 
and schedule (wBs, GFE 
l i s t ,  de l iverable  hardware 
l i s t  ) 

Resources 

Product assurance 

11. Contractor l e v e l  Purpose Scope 

I'ro j ec t  Management To provide a descr ipt ion The p lsn  contains an index 
Flan of the  Contractor 's  o f  Contractor 's  i n t e rna l  

methods f o r  accomplishing operation p lan ,  d i r ec t ives ,  
t he  pro jec t  requirements and procedures (with brief  

discussion)  covering: 

Proj e c t  management 

Engineering management 

Mmnfacturing management 

Performance management 

Inf  ormst i on management 

GFP management 

Procurement management 

Quality Rssurance manage- 
ment 

Configuration management 



Table 3. PEP Projact Plans (Page 2 of 7) 
- - - -  - -  

11. Contractor level Purpose scope 

New Technology Plan To provide a plan for the 
evaluation of technical 
work to identify presence 
of inventions and new 
innovations for patent 
purposes 

The plan contains the 
Contractort s approach to: 

Management concept to 
report new technology 

Early identification of 
new technology 

Exercising control over 
subcontractor compliance 

Government Furnished To describe the metinod 
Property Maintenance for controlling and main- 
Plan taining Government 

furnished equipment 

Configuration 
Mana~ement Plan 

To describe the Con- 
tractor ' s organization 
as it relates to con- 
figuration management, 
the procedures for 
identifying and docu- 
menting the configuration 
items, and the method 
of controlling changes 

The plan satisfies the 
requirements of NASA pro- 
curement regulation 
Appendix B and consists of 
those procedures which 
constitute the Contractor's 
property management manual 

The plan contains : 

Organization description 

Method for identifying 
baseline 

Control methods, proce- 
dures, and policies 

Accounting system 
description 

Verification system 
description 

Method for subcontractor/ 
vr ndor configuration 
management control 

Plan for conducting/ 
supporting project reviews 



Table 3. PEP Project  Plans (page 3 of 7 )  
- 

11. Contractor l e v e l  Purpose Scope 

Design, Development, Provides t h e  plan t o  
and Test Plan design, develop, qua l i fy  

and produce t h e  PEP and 
support equipment f o r  
t e s t i n g  and launch 
operat  ions 

Electromagnetic To define t h e  program 
Interference Control f o r  EM1 cont ro l  
Plan 

Manufacturing Plan To define manufacturing 
methods and requirements 

Discusses: 

System de f in i t i on  and 
requirements 

Produce assurance 

Manufacturing plan 

Ver i f ica t ion  t e s t  and 
e v a l u a ~ i o n  plan 

In tegra t ion  and checkout 
plan 

F a c i l i t i e s  and support 
equipment 

The plan contains  descrip- 
t i o n  o f :  

Management cont ro ls  

EN1 organizat ion s i z e ,  
au thd r i ty ,  organizat ional  
l oca t ion ,  and responsi- 
b i l i t i e s  

Predict ion s tud ie s  

Breadboard t e s t s  

iiesign reviews 

Ci rcu i t  parameters f o r  
EM1 computer program 

E l e c t r i c a l  bonding 

Lightning s tudies  

Wiring cont ro ls  

Ci rcu i t  r e tu rn  i s o l a t i o n  

The plan contains descrip-. 
t i o n  of manufacturing: 

Planning and cont ro l  

Processes and techniques 

Assembly sequence and 
techniques 

Operations s a f e t y  

Toolin4 approach 

Par t s  and mater ia l s  
management and handling 



Table 3. PEP Froject Plans (page 4 of 7 )  

11. Contractor level Purpose Scope 

Facilities requirements 
and utilization 

Facility and tool 
activation planning and 
control 

Handling and control of 
end items 

Test and post manufac- 
turing checkout 

Activation schedule 

Contamination Contrcl To describe t.he systen! This plar, contains : 
Plan for contamination control 

Procedure for controll- 
ing manufacturing/ 
assembly residues 

Description of con- 
trolled environments to 
be used during manufac- 
ture 

Procedures for cleaning 
and cleanliness verifica- 
tion 

Description of cleanli- 
ness vorificati~r 
techniques 

Product Assurance Describes the Safety Plan In accordance with 
Plan for: NHB 53~0.4 (ID-l), 

Establishing PEP safety Chapter 2 

criteria/requirements 

Inter;: l ng these 
criteria/requirements 
into the PEP and Orbiter 
programs 

Describes the Reliability In accordance with 
Plan for : NHB 5300.4 (ID-l), 

Establishing PEP Chapter 3 

reliability criteria/ 
requirements 

Integrating these 
criteria/requirements 
into the PEP and Orbiter 
programs 



Table 3. PEP Project  Plans (Page 5 of 7 )  

11. Contractor l e v e l  Pumose Scope 

Describes t h e  Qua l i t y  
Assurance Plan f o r  
ver ifying t h a t  t h e  PEP 
and GSE s a t i s f i e s  
Section 3, "~equirements"  
o r  t h e i r  respec t ive  
opecif icat ions 

Logist ics  Plan To provide an Implementa- 
t i o n  Plan covering a l l  
l o g i s t i c s  funct ions 
necessary t c  sup?ort PEP 
integreticr., prelaunch, 
launch, f l i g h t ,  and 
post lanaing operat ions 

h i n t s i n a b i l i t y  To define t h e  Coctrac- 
Assurance Plan t o r ' s  approach f o r  

main ta inabi l i ty  of t h e  
PEP f!.ight hardware a d  
de l iverable  CSE 

I n  accordance with 
NHB 5300.4 (ID-11, 
Chapter 5 

The plan i d e n t i f i e s  t h e  
Contractor 's  planning f o r  
products and serv ices  
required t o  implement : 

Support requirements 
analyses 

Optimum r e p a i r  l e v e l  
analyses 

Maintainabi l i ty  

Maintenarxe 

Spares provisioning 

Fuels ,  pressurants ,  and 
f l u i d s  

O p r a t i o n s  and mainte- 
nance documentation 

Pressur iza t ion ,  packag- 
ing,  and packing 

Transport a t  i oc  

Storage c r i t e r i a  

Logist ics  management 

Training 

Logist ics  f a c i l i t i e s  

The plan defines  t h e  
method cf  accomplishing 
main ta inabi l i ty  require-  
ments and describes how 
t h e  requirements w i l l  be 
impiemented. I: describes 
t h e  procedures, p o l i c i e s ,  
and report ing cyste,a t h a t  
w i l l  be used 



Table 3. PEP Project  P l a n s  (page 6 cf 7 )  

11. Contractor l e v e l  Purpose Scope 
-- - 

Transportet ion Plan To a i d  i n  t h e  i d e n t i f i -  
cat ion of packaging, 
mater ia l s  handling, and 
t ranspor ta t ion  require- 
ment s 

The plan contains:  

Packaging requirements 

Requirements t o  handle 
pressure and t o  pack and 
sh!p FEP f l i g h t  hardware, 
associated support equip- 
ment, and spares 

Management crganizat  ion  

Milestone chart  

Discussion 07' ,trans- 
portabiWLy problem areas  

Description of cargo 
requir ing t r anspor t a t ion  

Transportation r e s t r i c -  
t i o n s  

Iden t i f i ce t ion  of regu- 
l a t o r y  agency approvals 

Descriptivn of spec i a l  
purpose c a r r i e r  equipment 
and serv ices  

T r a i ~ i n g  Plan To provide methods and 
procedures t o  be used t o  
t r a i n  personr~el  

Each Training Plan con- 
t a i n s  i d e n t i f i c a t i o n  of :  

Ac t iv i t i e s  requi r ing  
t r a i n i n g  

Training object ives  and 
milestones 

Curriculum requirements 

Student population 

Methods of  i n s t ruc t ion  

Cer t i f i ca t ion  methods 
and requirements 

Training program 
w a l u a t  ion 

Readiness measurement 

Trsfning equipment 

F a c i l i t i e s  



Table 3. PEF Project Plans (page 7 of 7) 

11. Contractor level Pur~ose Scope 

Ground Operations Plan Describes the plan for the 
PEP ground processing 
operat ions at the ELS , 
The plan identifies 
groundrules philosophy 
and required launch 
site resources asso- 
ciated with PEP opera- 
tions 

Flight Operations Describes the plan to 
Plan assure that PEP is opers- 

tional on orbit and that 
these operations: 

are compatible with 
those of Orbiter 

are integrated with 
those of Orbiter 

Estkblishes the concepts 
and methods by which the 
PEP ground operations will 
be conducted at the ELS. 
Areas covered include : 

Pep requireuents and 
timelines 

Prelaunch operstions, 
both off-line and on-1; ne 

Postlanding operations 
including turnaround for 
next flight 

Discusses: 

Operations timelines 

Flight operations dis- 
plays and controls 

Contingency operations 

Simulations 

Requirements far flight 
operations plan 

Qualification fli~ht 
plan 
Crew training 

Launch operat ions 

Orbital operations 

Instrumentation/ 
monitoring 

Extravehicular 
activity 

Contingency operations 

Pontflight analysis 
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Figure 17. TopLevel PEP Dasinn Document Structure 

requiremenbs. The PEP contractor is respcnsible for the updates and 

refinements t o  the PEP-( bi te r  system specificat lor  and the related environ- 

mental specificaticn. The Orbic,. :2P interface control document is under the 

custodianship of the Orbiter contractor. This document w i ~ l  be developed 

jointly by Orbiter and PEP contractors. 

As shown, the next level of documentation I s  composed of: 

Major assembly drawings. 

Procurement specif icat ions,  

GSE specif icat ion.  

Requirements document for Orbiter software and hardware. 

The Orbiter softwc-2 and hardware requirements document is prepared by the PEP 

contractor. T t  is intended that  ?;:!is document be approved by NASA and imple- 

mented wi th  t h t  a rbi ter  contractor. This document serves the same purpose as 

the system spec1fice:ion wi th  the PEP contractor. 

Table 4 lists a l l  the Phase C/D documents identif ied and summarizes thei r  pur- 

pose, preparation instructions,  and applicable data item description l ine  item 

number from Volume 12. 



Table 4. PEP Design Document S t ruc ture  (page 1 of 2 )  

Document 

Data reqmt. 
descr ip t ion  

l i n e  item no. 
Purpose ( a t e  Volume 12) 

System Speci f ica t ion ,  To define the  func t iona l ,  per- CM-10 
PEP-Orbiter f'armance, design, and t e s t  

requirements f ~ r  t h e  PEP 
System an8 i t s  s ssoc ia ted  
ground support equipment 

PEP Environment r ~ ? .  
Specif icat ion 

To e s t ab l i sh  t h e  na tu ra l  and CN-12 
induced environments t o  which 
t h e  PEP and i t s  GSE may be 
exposed during ground operr- 
t i o n s  and spare operations :ith 
t h e  Shu t t l e  system 

Orbiter/PEP In t e r f ace  To depict  physical. a*::$ fru?c- Orbi ter  contractor  
Control Document t i o n a l  i n t e r f ace  engineering cus tod ia l  respon- 

requirements of an item t h a t  s i b i l i t y .  PE? 
a f f e c t s  t h e  design o r  opera- cont rac tor  t o  
t i o n  of  cofunctioning items; p a r t  i c  :gate 
i . e . ,  Orbi te r  and PEP. The 
document : 

Assembly drawings 

ADA 

PRCA 

In te r face  k i t s  

Establ ishes and maintainc 
compatibi l i ty  between Orbi te r  
and PEP 

Controls i n t e r f ace  designs 

Comunicates design deci- 
s ions  and changes 

Establ ishes envelope and 
access compatibi l i ty  

To depict  t h e  assembled 
r e l a t ionsh ip  of  each of t h e  
t h r e e  assemblies l i s t e d .  

It con ta im s u f f i c i e n t  v i t w ~  
t o  show t h e  r e l a t i onsh ip  
between tach subordicate  
assembly and part. :omprf ing 
the pa r t  depic tec  



Table 4. PEP Design Doctune?% St ruc ture  (Page 2 o f  2) 

Document 

Data reqmt. 
descr ip t ion  

l l n e  item no. 
Purpose (see Volume 12) 

Procurement spec i f ica t ions  These w i l l  be of  two types:  Not appl icable  
development spec i f i ca t ions  
and/or product spec i f i ca t ions ,  
depending upon whether develop- 
sent e f f o r t  i s  required 

Specif i c a t  ior.-grouni 
support equipment 

Developmeat spec i f ica t ion  : +a 
define the  func t iona l  r e q u i ~ t  - 
ments f o r  each configurat ion 
item 

Product specifica!:? on: 50 
p-ovide a  document adequate 
f o r  the  procurement, p roduc~ion  , 
t e s t  , evaluat ion,  azAd Fnccep- 
tance ~f  .an item w i t h o ~ t  
requi r ing  f u r t h e r  development 
work 

To e s t ~ b l i s h  i n  one document CM-12 
t h e  pe~*i'ormance, design, 
develcpment , and t e s t  
requirements f o r  a l l  ground 
support equipment 

Requirements documenxs- To define t h e  hardware and SE-J.1 
Orbi ter  so:'tware a l d  software perforc.~nce and 
hardware design requir'ement s  t h a t  

should be imposed on the  
Oribter  systen. f o r  accomo- 
dat ion and u t i l i z a t i o n  of 
t h e  FEF system 



Section 9 
RESOURCES 

This st , : t ion provides the t o t a l  project cost and manpower estimates by year 

and to ta l  for a l l  project elements, covering desigr isvelopnent, production, 

operations, and support. NASA in-house c iv i l  service and support contractor 

estimates are yet to be determined and w i l l  be generrted by JSC. Also included 

is a discussion of the f a c i l i t y  aspects which indicate that  PEP needs can be 

met wi th  existing contractor and Government f a c i l i t i e s ,  and wi th  f a c i l i t i e s  

being prepared by the prospective solar  array contractor(s) ~ M c h  w i l l  be 

available by ATP. 

The basis of the cont and manpower estimates is summarized in Vol-me 11, PEP 

Cost, Schedules, and WEU Dictionary. 

0 

9.1 PROJECT ESTIMATED COST 

The cost estimates for the PEP project are  summarized i n  Table 5. Each l ine  

item is l i s t ed  seperately, including UBS element name, WBS number(s), and 

annual md t o t a l  runout funding i n  real-year dollars .  The upper portion of the 

table shows the funding required for the prime, associate, and aubcontractars, 

which represe3ts the basic costs of providing hardware. The lower portion of 

the table,  which is TBD, intrtoduces the c iv i l  service and support contractor 

elements which represent the t o t a l  estimated cost of the PEP project.  

The following groundrules re f l ec t  the major aspects from which the costs were 

derived: 

A.  Costs were estimated i n  1978 dollars  and escalateti t o  real-year dcr- 

l a r s  using a 7% escalation ra te  provided by JSC. . C 

B. Casts exclude prime and solar array subcontractor fees. 

C. Coats ifrclude two se t s  of PEP hardware and modification of two 

Orbit,ers and two RnS's. 

D. Costs include operations support through IOC. 

E. Orbiter accommodation costs were provided by JSC. 



The c o s t i n g  methodology f o r  t h e  PEP system included parametr ic  e s t i m a t i n g ,  

d i r e c t  estimat! ng , and vendor quotes.  The O r b i t e r  accommodations c o s t s  were 

analyzed and provided by JSC. RMS accommodations c o s t s  were es t imated and pro- 

vided by t h e  RMS c o n t r a c t o r .  

A s  can be seen i n  Table 5 ,  t h e  funding requ!rernent f o r  t h e  PEP system is 

$8l.?M, including $38.8M f o r  t h e  s o l a r  a r ray .  The O r b i t e r  accommodation 

funding is $6.OM and the  RMS accommodations ( s c a r s  t o  a t t a c h  t h e  c a b l e  assem- 

b l y )  funding is $.9M. The t o t a l  hardware c o n t r a c t o r ' s  funding is $88.611 t o  

d e l i v e r  t h e  hardware and provide  suppor t  through IOC. Support c o n t r a c t o r  

funding is shown a s  TBD and w i l l  be determined by JSC. 

This funding plan r e f l e c t s  a r e l a t i v e l y  modest FY 81 funding o f  $12M with  sub- 

s t a n t i a l  funding not required u n t i l  FY 82 and 83, c o n s i s t e n t  with t h e  

o f f load ing  of  funding from t h e  b a s i c  S h u t t l e  development program. 

9.2 PROJECT MANPOWER REQUIREMENTS 

The manpower es t ima tes  f o r  t h e  PEP P r o j e c t  a r e  summarized i n  Table 6. The 

es t ima tes  a r e  c o n s i s t e n t  wi th  t h e  c o s t  e s t i m a t e s  r e f l e c t e d  i n  Table 5 and 

shown i n  t h e  same format. A s  was s t a t e d  i n  Sect ion 9.1, t h e  in-house c i v i l  

s e r v i c e  and support  c o n t r a c t o r  cranpower e s t i m a t e s  a r e  D and w i l l  be developed 

by JSC. 

As s t a t e d  i n  Sect ion 9.7,  t h e  b a s i c  e s t ima t ing  dur ing t h i s  s t u d y  employed par- 

a ~ & r i c  and d i r e c t  e s t ima t ing  techniques  and vendor quotes .  The manpower asti- 

mates were then derived from d i r e c t  e s t i m r t e s  and by s p l i t t i n g  t h e  parametr ic  

d o l l a r  e s t ima tes  i n t o  l abor  and non-labor, based on h i s t o r i c a l  d a t a  f o r  t h e  

type of  WBS element Involved,  and then c a l c u l a t i n g  t h e  number o f  d i r e c t  l abor  

mat.-years which correspond t o  t h e  l abor  d o l l a r  e s t i m a t e s .  These man-years were 

then summarized and evaluated f o r  balance ,  and a r e  shown i n  Table 6. During 

t h e  proposal phase more d e t a i l e d  d i r e c t  manpower e s t i m a t e s  w i l l  be in t roduced 

and t h e  r e s u l t s  incorporated a s  an update o f  t h i s  p lan .  It is f e l t  t h a t  t h e  

c u r r e n t  manpower es t ima tes  a r e  r e p r e s e n t a t i v e  and a p p r o p r i a t e  f o r  Phase C/D 

planning.  
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9 .3  FACILITY RESOURCES 

As is discussed i n  Section 5.4, prime oontractor and NASA f ac i l i t i e s  are ade- 

quate and will be made available as planned. Also, as noted previously, 
existing f ac i l i t i e s  of prospective solar array subcontractors are i n  the proa- 

ess of being augmented and wi l l  be available for PEP by ATP. Therefore, it is 
not anticipated that expenses for new fac i l i t i e s  or fac i l i ty  modifications 

w i l l  be required for PEP. 



Sec t ion  10 

WNAGEMENT REVIEW 

P r o j e c t  management w i l l  r e v i e >  - t h e  p r o j e c t  with agency management dur ing pro- 

ject implementation. The reviews w i l l  normally be scheduled t o  be held upon 

completion o f  s i g n i f i c a n t  p r o j e c t  events .  They w i l l  t a k e  p lace  a f t e r  t h e  cor- 

responding event  has  been completed between t h e  NASA p r o j e c t  management and 

t h e  c o n t r a c t o r s .  Six  reviews have been i d e n t i f i e d  and scheduled: 

P r o j e c t  Requirements Review (PRR) 

Prel iminary Design Review (PDR ) 

C r i t i c a l  Design Review (CDR) 

P r e S h i p  Review (PSR) 

F i r s t  F l i g h t  Readiness Review (FRR) 

I n i t i a l  Operat ional  Capab i l i ty  (TOC) 

Project - level  reviews between NASA p r o j e c t  management and t h e  c o n t r a c t o r s  w i l l  

be held  i n  accordance wi th  t h e  even t s  i n d i c a t e d  above. In  a d d i t i o n ,  monthly 

and q u a r t e r l y  progress  meetings w i l l  be he ld  throughout t h e  development phase 

except f o r  t h e  months i n  which t h e  above major even t s  a r e  scheduled. A s  p a r t  

o f  t h e s e  reviews, t h e  first d e f i n i t i v e  t o t a l  c o s t  e s t i m a t e  a t  completion (EAC) 

f o r  p r o j e c t  development w i l l  be e s t a b l i s h e d  upon completion o f  t h e  PDR. By 

then,  t h e  p r o j e c t  requirements w i l l  have been t r a n s l a t e d  i n t o  a p re l iminary  

design which s a t i s f i e s  those  requirements wi th  NASA p r o j e c t  o f f i c e  concur- 

rence.  The EAC w i l l  then be updated p e r i o d i c a l l y  a s  d e t a i l  des ign and 

manufacturing proceed through hardware de l ive ry .  These EACts w i l l  be t h e  b a s i s  

f o r  annual budget planning i n p u t s  t o  agency management. 



Section 11 

CONTROLLED ITEMS 

The spec i f ied  control led items requi re  approval a t  NASA senior  management lev- 

e l s  before they can be changed. Some items w i l l  be cont ro l led  by the  adminis- 

t r a t o r  o r  h i s  designee in  t h e  pro jec t  approval document, some by t h e  Program 

Associate Administrator, and some by the  Program Director ,  a s  determined by 

NASA. A candidate list of  cont ro l led  items follows fo r  NASA consideration: 

r PEP mission objec t ives  and requirements. 

r Mission f l i g h t  assignments. 

r Total es' 'mated pro jec t  cos t  a t  completion. 

r PRR, PDR, and CDR review da tes .  

r Hardware de l ivery  dates .  

r F i r s t  f l i g h t  and IOC da te (s1 .  
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Section 12 

SAFTTX, RUIABILITY, AND QUALITY ASSURANCE 

Safety,  Re l i ab i l i t y ,  and Quality Assurance ,planning w i l l  be accompl ished e a r l y  

i n  t h e  PEP development process,  cons is ten t  with NASA program requirements, t o  

assure  t he  developerr t , manufacture, and de l ivery  o f  a sa f  c , r e1  i a b l e  product 

o f  high qua l i ty .  Planned a c t i v i t i e s  w i l l  span the  establishment o f  require- 

ments and t h e i r  implementation and v e r i f i c a t i a n  through PEP development, 

manufacture, test, and ope . -~ t ions .  

12.1 SAFETY 

PEP s a f e t y  requirements w i l l  be made compatible with STS requirements through 

establishec'  formal contractor  procedures t h a t  meet NASA requ i s i t e s .  STS and 

PEP personnel and equipbent s a f e t y  w i l l  be assured by dusign and procedural 

provisions and w i l l  be ver j  f ied through analyses and inspect ion.  

Safety program planning and requirements w i l l  include s a f e t y  ana lys i s  ac t i v i -  

ties fo r  t he  design development, and f a c i l i t y  s a f e t y  provis ions t o  assure  per- 

sonnel and equipment f ab r i ca t i on  and operat ional  sa fe ty .  Planned a c t i v i t i e 4  

w i l l  include the  following: 

Establishment and implementation o f  s a f e t y  c r i t e r i a  in  design provi- 

s ions and procedures development. 

Performance of  hazard analyses and t h e  provision o f  con t ro l s  f o r  those 

hazards which cannot be el iminated,  

Establishment of requirements and provis ions f o r  hand!.ing, s to rage ,  

servicing,  and t ranspor ta t ion  safety.  

Establishment of requi re ren ts  and provisions f o r  f a c i l i t i e s  and support 

s a f e ty  . 
Establishment of an i n d u s t r i a l  s a f e t y  program. 

fn  addi t ion  t o  the  above cont rac tor  s a f e t y  fea tures  and a c t i v i t i e s ,  the  launch 

si te operat ions and f l i g h t  operat ions w i l l  be analyzed, approved, and moni- 

tored by NASA s a f e t y  personnel t o  assure  the  s a f e t y  of  ground and f l i g h t  per- 

sonnel and hardware. 

12.2 RELIABILITY 

PEP system r e l i a b i l i t y  requirements w i l l  be developed through design cos t  

optimization t rade  s tud i e s  and w i l l  be es tabl ished through formal cont rac tor  
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procedures whiah s a t i s f y  NASA requ i rements .  PEP r e l i a b i l i t y  w i l l  be developed 

i n  consonance with t h e  STS program r e q u i r e ~ e n t s  f o r  payload and suppor t ing  

systems. 

PEP system r e l i a b i l i t y  requirements w i l l  be app l i ed  t o  t h e  subsystems and cm- 

ponents i n  a l o g i c a l  manner c o n s i s t e n t  k i t h  t h e  des ign process  and wi thin  t h e  

s t a t e  of t h e  a r t .  Design c r i t e r i a  w i l l  be e s t a b l i s h e d  and implemented t o  

assure  t h e  a t ta inment  o f  t h e  r e l i a b i l i t y  C. s i g n  requirements.  Primary c r i t e r i a  

w i l l  inc lude design margins, d e r a t i n g  f a c t o r s ,  redundancy tackup,  and o!ner 

f a i l u r e  c o r r e c t i o n  and s a f i n g  tec!l,niquec. Numerical r e l i a b i l i t y  g o a l s  an4 

apportionments w i l l  not be used. 

Assurance t h a t  t h e  r e l i a b i l i t y  requirements a r e  achieved w i l l  b? provided 

through des ign reviews and r e l i a b i l i t y  assessment a c t i v i t i e s .  S p e c f f i c  analy- 

s e s  t h a t  w i l l .  be performed include:  

0 FaiZure modes m.+d e f f e c t s  a n a l y s i s .  

0 Derating and p a r t  s t r e s s  a n a l y s i s .  

0 Mechanical s t r ~ s s  a n a l y s i s .  

Resu l t s  of t h e  analyses  w i l l  be presented a t  t h e  formal RASA and c o n t r a c t o r  

design reyiews. 

12.3 3UALITY ASSURANCE 

Qua l i ty  assurance w i l l  be performed by c o n t r a c t o r  personnsl  i n  accordan: e with 

e s t a b l i s h e d  Company procadures t h 8 t  comply with NASA q u a l i t y  requirements.  

Where appropr ia te ,  Government o r  C o ~ p m y  source  i n s ~ e u t i o : l  w i l l  be employed. 

PEP q u a l i t y  assurance planning w i l l  address  t h e  fo l lowing f e a t w e s :  

@ I d e n t i f i c a t i o n  of t h e  resources  requ i red .  

0 Inspections o f  f a b r i c a t i o n ,  assanbly ,  and test opera t ions .  

0 Ccnt ro l s  implemented f o r  p rec i s ion  measuring devicez .  

C o n t r ~ l s  f o r  t h e  i d e n t i f i c a t i o n ,  r e p o r t i n g ,  and a n a l y s i s  o f  nail- 

conforming a r t i c l e s  and lmplemnntation o f  co r rec tkve  a c t i o n s .  

a Controls  i m p s e d  f o r  handl ing,  s t o r a g e ,  and p?eservmt;ion o f  hardware 

&,id c;~lipment. 

Val idat ion o f  so f tware  q u a l i t y .  


